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ABSTRACT 
The objectives of this research were to quantify 
formaldehyde consumption due to plating and parasitic 
reactions and determine the magnitude and distribution of 
formaldehyde losses from the electroless copper plating 
process. Plating and rinse bath samples obtained from three 
electroless copper plating operations were analyzed for 
formaldehyde and copper in order to develop a mass balance 
analysis about the plating bath for periods of active 
production and no production. Fugitive air and stack releases 
of formaldehyde were estimated using emission factors 
developed from air sampling at the three facilities. 
It was determined that approximately 90% of the 
formaldehyde added to the plating process was consumed by some 
type of chemical reaction. The remaining 10% of formaldehyde 
represents losses from the plating operation. For the 
facilities with a waste plating solution stream, atmospheric 
losses accounted for approximately 25% of the total losses. 
The mass of fugitive air formaldehyde measured approximately 
2.8 times that escaping through the stack. Dragout accounted 
for approximately 2.3% of the losses with the remaining. going 
to the waste stream. For the facility without a plating 
solution waste stream, formaldehyde losses were distributed 
59% to atmospheric releases and 41% to the rinse tank. 
-. -· 
Fugitive and stack releases were approximately the same at 29% 
of the formaldehyde losses. 
Formaldehyde consumption due to parasitic reactions for 
periods of active plating and no plating were determined for 
two facilities. The rate of parasitic consumption during 
periods of production was found to be approximately 3 times 
greater than that for no production. The rate of parasitic 
consumption was observed to increase with increasing bath 
temperature. 
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CHAPTER I 
INTRODUCTION 
The University of Central Florida in cooperation with the 
American Electroplaters and Surface Finishers Society (AESF) 
has initiated a study into multi -media releases from the 
surface finishing industry. This resulted as an attempt to 
aide with compliance of the Superfund Amendments and 
Reauthorization Act (SARA) of 1986. The completion of "Form 
R", required by SARA, includes an estimation of annual toxic 
chemical releases. Due to the carcinogenic nature of 
formaldehyde which is used as a reducing agent in electroless 
copper plating, annual releases to all media must be reported 
for public record. The lack of data in the area of 
atmospheric releases makes it difficult for industry to 
estimate formaldehyde losses from the plating process. 
The presence of parasitic, secondary reactions which do 
not actively contribute to the plating process demand that a 
greater amount of formaldehyde be added than is 
stoichiometrically required for copper reduction. 
Identification and estimation of the rates of such parasitic 
reactions has not entirely been accomplished. 
The scope of this research was to estimate the 
distribution of formaldehyde releases and attempt to quantify 
2 
parasitic formaldehyde consumption. The following pathways of 
-· -. 
formaldehyde release were considered: 
1. Fugitive air 
2. Stack air 
3. Plating solution waste 
4. Rinse water waste 
CHAPTER II 
LITERATURE REVIEW 
Electroless Copper Plating 
Bath Composition 
The composition of an electroless copper plating bath 
consists of four main ingredients: copper source, reductant, 
chelating agent, and pH adjustor. The copper source, usually 
in the form of a salt, supplies the copper ions required for 
metal deposition. Various forms of copper solution introduce 
copper as copper sulfate, copper acetate, copper formate, and 
copper nitrate [13,21,27]. The oxidation of a reductant 
provides electrons which copper ions require in order to be 
reduced to the metallic state. Typical reducing agents 
include formaldehyde (HCHO), formate (Hcoo-), sodium 
hypophosphite, and hydrazine sulfate [13,15,21,27]. The 
introduction of a chelator inhibits the formation of insoluble 
oxides by complexing cupric ions (Cu(II)) in solution. 
Rochelle salts, ammonium hydroxide, potassium tartrate, and 
ethylenediaminetetraacetic 
chelating agents [15,21]. 
acid ( EDTA) have been used as 
Sodium hydroxide (NaOH) provides 
the necessary hydroxyl ions (oH-) for copper deposition and 
maintenance of a basic pH of approximately 12 [ 11,13, 21]. 
Sodium carbonate is produced by the reaction of sodium 
3 
4 
hydroxide with carbon dioxide introduced through diffused air 
in aerated process tanks. Frequently, accompanying the 
aforementioned components are stabilizers and other 
proprietary ingredients which attempt to reduce or eliminate 
bath decomposition and increase stability. Thiodiglycolic 
acid, thiourea, and cyanide have all be used as stabilizers 
[21]. 
Electroless Plating Reactions 
The overall plating reaction of copper in the presence of 
formaldehyde can be described by the following equation 
[2,3,5,12,17,19,20,22,25,26,32]: 
The plating equation consists of two partial reactions 
occurring simultaneously. Partial reactions depicting the 
oxidation of formaldehyde and reduction of copper with their 
corresponding equilibrium potentials (E0) at 25°C are 
illustrated below [3,14,17,24,26,28]: 
Cathodic: cu+2 + 2e- = Cu 
Eo=+O. 340 
Anodic: 2HCHO +40H- - 2HCoo- + H2 + 2H2 0 + 2e-
E0=+0 .0564 
(2) 
(3) 
In order for plating to occur, the equilibrium potential of 
the anodic reaction must be more electronegative than the 
potential of the metal deposition reaction. During plating, 
the current of the anodic reaction is equal to the absolute 
current of the cathodic reaction. The potential at such a 
5 
point of equilibrium is termed the mixed potential 
[ 6, 7,14,17, 20,23]. The mixed potential lies somewhere between 
the equilibrium potential of the cathodic and anodic 
reactions. Figure 1 depicts the mixed potential as a function 
of current for a typical reduction-oxidation reaction. 
The Mixed Potential Theory 
Early attempts of predicting copper deposition rates were 
made by applying the Wagner and Traud theory of mixed 
potentials to the electro less bath. The mixed potential 
theory states that the rate of a faradaic process is 
independent of other faradaic processes occurring 
simultaneously at the same electrode and thus depends only on 
the electrode potential [6,7,17,20]. From this assumption, 
the polarization curves obtained from separate cathodic and 
anodic analysis may be added to obtain the overall potentials 
and reaction rates for a combined process. The major 
limitation of this theory is that it requires the anodic and 
cathodic partial reactions to be independent of each other. 
For the electroless copper plating bath, this assumption has 
been rejected. Studies researching the application of the 
mix~d potential theory to electroless copper plating have 
determined the presence of formaldehyde catalyzes the 
reduction of copper thereby disproving the independence of 
both partial reactions [5,14,20]. The rate of formaldehyde 
Potential 
Potential 
ES 
Figure 1: Mixed Potential Schmatic [7]. 
n 
c ; 
= 
-
6 
7 
oxidation was shown to be greater in the presence of copper 
deposition than when copper was absent [18,20]. 
Plating Control Mechanisms 
Experimental results suggest the metal deposition partial 
reaction is diffusion controlled at the substrate surface 
while the oxidation of formaldehyde is kinetically controlled 
[6,7,23,29]. At low concentrations of cupric ion, less than 
0. 01 molar, the mass transport of copper to the substrate 
surface controls the rate of plating [17]. At intermediate 
concentrations, 0.01 to 0.2 molar, a mix of kinetic control 
and mass transport control govern the plating reaction [17]. 
At high concentrations of copper, the rate of reaction is 
almost entirely under kinetic control [17]. 
Formaldehyde Transformations in Electroless Copper Plating 
Formaldehyde Oxidation in Aqueous Solutions 
In aqueous solutions, formaldehyde exists in the hydrated 
form of methylene glycol (CH2 (0H) 2 ), which is electrochemically 
inactive [1,3,5,6,7,12,14,20,28,31]. 
HCHO + H2 0 = CH2 (0H) 2 (4) 
Methylene g·lycol is a weak acid that dissociates to form 
methylene glycolate (CH2 (0H)o-) [1,3,5,6,7,12,14,20,28,31]. 
CH2 ( OH) 2 = CH2 ( OH) o- + H+ pKa = 13 • 1 (5) 
In alkaline solutions, formaldehyde predominantly exists as 
the electroactive anion species. It is the methylene 
8 
glycolate anion which actively participates in the plating 
- --process. Methylene glycolate anions and cupric cations 
migrate to the substrate and adsorb to the surface. It has 
been suggested that the methylene glycolate anion 
simultaneously cleaves a carbon-hydrogen bond and forms a 
carbon-oxygen bond, thereby liberating a hydrogen atom and an 
electron to the surface of the substrate [3,14,28]. With the 
addition of hydroxyl ions adsorbed on the surface, the 
remaining compound forms formate, hydrogen gas, and water. 
The oxidation of methylene glycolate is expressed 
stoichiometrically below and illustrated in Figure 2 
[3,6,7,8,17]. 
(6) 
(8) 
(9) 
(lD) 
It has been proposed that the cleavage of the carbon-hydrogen 
bond is the rate determining step of the kinetically 
controlled process [ 3,14, 28]. Equations 6 and 8 suggest 
methylene glycolate can either be formed in the bulk solution 
at high pH or on the surface of the substrate when adsorbed 
hydroxyl ions are present. Once the copper ions have been 
reduced by the liberated electrons to the metallic state the 
process continues autocatalytically on the fresh copper 
surface. 
HO 0; HO ~0 
'c/.... 'c" 
/ ' _. H/ H H "a 
i I I I l .t I I I I ~e I I 
OH---~ Hcoo-.. , 
+ 1/2 H;.ou• + H:aO + e 
Figure 2: Methylene Glycolate Oxidation [3) 
9 
10 
For electrochemically inactive substrates, electroless 
copper deposition -·is initiated by coating the surface with 
colloids of catalyst ions prior to immersion in the 
electroless copper bath. The deposition of copper and 
oxidation of methylene glycolate follows the same process as 
described previously. An illustration of the re-dox reaction 
in the presence of an activator such as palladium is provided 
in Figure 3. 
Formaldehyde Consumption 
From the overall stoichiometric expression describing the 
complete electroless copper plating reaction, it is evident 
that 2 moles of formaldehyde and 4 moles of hydroxyl ions are 
required to reduce 1 mole of copper to the metallic state. As 
by-products of the plating reaction, 2 moles of formate ion 
and 1 mole of hydrogen gas are produced. In addition to 
formaldehyde losses due to plating, other parasitic reactions 
within the bath consume formaldehyde. Such reactions are 
undesirable in that they increase formaldehyde requirements 
without actively contributing to plating. Of particular 
concern is air oxidation of formaldehyde, formaldehyde demand 
to remove oxides from plating surfaces, and the Cannizzaro 
reaction in which formaldehyde reacts with hydroxide to form 
methanol and formate. 
M H H 
H 
\ 0 c~ .. 
r:f'#~' (-) 
~, 
I (-) 
H-OH 
Fiqure 3: Copper Deposition On A catalyst (5] 
11 
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Air Oxidation of Formaldehyde 
Air is typical ly diffused through the plating bath to 
assist in agitation, maintain bath stability, and expedite 
hydrogen gas removal from substrate surfaces. The theoretical 
oxidation of formaldehyde with air involves the consumption of 
hydroxide usually supplied as sodium hydroxide [12]. 
2HCHO + 0 2 + 2NaOH = 2HCOONa + 2H20 (11) 
A study conducted by Courduvelis and Sutcliffe addressed the 
possibility of formaldehyde air oxidation in electroless 
plating solutions but did not find any additional decrease in 
formaldehyde concentration when compared to solutions which 
did not include air agitation [12]. 
Removal of Oxides with Formaldehyde 
A study conducted by Chapman, Dumesic, and Koutsky 
observed the formation of oxides on catalytic surfaces as a 
result of dissolved oxygen in the plating bath [10]. The 
oxides inhibited the deposition of metal until reduced and 
removed by formaldehyde [9,10,18]. 
Cannizzaro Reaction 
The most significant side reaction involving the 
destruction of formaldehyde is the Cannizzaro reaction 
[5,12,17,19,22,30,32]. 
(12) 
13 
From equation 12 it is evident that 2 moles of formaldehyde 
and 1 mole of hydroxyl ion are consumed to create 1 mole of 
formate ion and methanol. The rate of this reaction has been 
found to be specific to each individual plating bath [17]. 
Honma and Mizushima found the Cannizzaro reaction to be 
spontaneous in basic solutions and at a rate several times 
that of the desired plating reaction [22]. Another study 
conducted by Courduvelis and Sutcliffe found the rate of the 
Cannizzaro reaction to be directly proportional to increases 
in temperature, therefore, for heated electroless copper baths 
the accumulation of formate and methanol is expected to be 
rapid [12]. No correlation relating the rate of plating to 
the rate of the Cannizzaro reaction could be found. 
Additives, such as methanol, can shift equilibrium in favor of 
the reactants and thereby inhibit the rate of the Cannizzaro 
reaction. 
Formaldehyde Losses 
Formaldehyde losses from the electroless process occur 
through three main pathways: plating waste, drag-out, and 
evaporative losses. 
In order to control the buildup of by-products and 
maintain a constant plating rate in large volume processes, 
plating solution is periodically wasted and replaced with 
fresh solution. The plating waste will contain a 
14 
concentration of formaldehyde equal to the bath concentration 
for completely mixed processes. · 
Plating solution adhering to exiting boards is lost to 
subsequent rinse baths. The amount of liquid withdrawn with 
plated parts can be minimized by allowing adequate drain time 
over the plating bath and by reducing liquid viscosity with 
the addition of wetting agents or increasing bath temperature. 
Evaporative losses of plating solution release 
formaldehyde into the immediate atmosphere. A study conducted 
by Courduvelis and Sutcliffe found evaporative losses of 
formaldehyde to be insignificant for plating baths at room 
temperature [ 12] • For baths maintained at higher 
temperatures, the formaldehyde released to the atmosphere per 
volume of plating solution evaporated was approximately one-
third of that found in an equal volume of liquid plating 
solution [12]. Air agitation and elevated bath temperatures 
accelerate · bath evaporation and therefore increase 
formaldehyde emissions. 
It has been estimated by one supplier of electroless 
c:opper chemicals that 60-70% of formaldehyde added to an 
electroless copper plating process is actively participating 
in the plating process while 30-40% is lost due to parasitic 
reactions, drag-out, solution waste, and evaporative losses 
[ 30 J. 
15 
Rates of Reaction 
The rate of - ~opper deposition with respect to copper, 
formaldehyde, and hydroxide concentrations was studied by 
Chapman, Dumesic, and Koutsky [10]. The composition of the 
plating solution utilized is provided in Table 1. Figures 4 
and 5 illustrate the relationships between initial and final 
deposition rates with respect to copper concentration, 
respectively. The initial rate of copper deposition was found 
to be independent of the concentration of copper in solutions 
with adequate mixing. Final rates of deposition were observed 
to be linearly related to the bulk copper concentrations. 
Formaldehyde concentrations affected the rate of copper 
deposition in an opposite manner as shown in Figures 6 and 7. 
Initial deposition rates were observed to be linear on a log-
log plot with respect to formaldehyde while final deposition 
rates suggested a zero order relationship. Hydroxide 
concentration exhibited a logarithmic relationship with both 
the initial and final copper deposition rates, however, the 
slope of the initial rate line was approximately twice as 
great as that of the final deposition rate as depicted in 
Figures 8 and 9. 
A similar study by Melroy, Pesek, and Schumacher 
conducted at sufficient copper concentrations to eliminate 
limitations due to copper· mass transport found the rate of 
copper deposition to be directly proportional to cupric ion 
concentrations for solutions containing less than 5 millimolar 
16 
Table 1 
Chapman, et.al. Electroless Copper Plating Solution [11] 
I Solution I Component I Concentration I 
SnCl2*2H20 10 g/1 
Sensitization 
HCl (cone) 40 cm3/l 
AgN03 5 g/1 
Activation 
cm3/l NH40H (cone) 15 
cuso4 0.020 M 
Standard 
Copper EDTA (acid form) 0.021 M 
Plating HCHO 0.310 M Solution 
NaOH 0.005 M 
cuso4 0.003-0.030 M 
Plating 
oH-Solution 0.0050-0.0175 M 
Variation HCHO 0.06-0.38 M 
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(mM) cupric copper [28]. At higher concentrations (>10 mM) 
the deposition rate ·w;s found to be independent of cupric ion 
concentration. Figure 10 illustrates the deposition rate as 
a function of cupric ion concentration. At low concentrations 
of copper, agitation was found to increase the deposition rate 
and thus support the theory of mass transport governing metal 
deposition in this regime. At higher concentrations, changes 
in agitation had little affect on the plating rate. The rate 
of deposition with respect to formaldehyde concentration, 
Figure 11, was observed to be linear between formaldehyde 
concentrations of 2 and 40 mM, however, an increase in slope 
was noted for increases in pH. A further investigation into 
the relationship of the deposition rate and methylene 
glycolate concentrations suggested a first order linear 
relationship as illustrated in Figure 12. A nonlinear 
relationship was observed for the rate of copper deposition 
with respect to ·hydroxide concentration as shown in Figure 13. 
The shape of the curve suggests an equation of variable order 
or less than one. The components of the plating solution 
created for the purpose of this study is presented in Table 2. 
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Table 2 
Melroy, et.al. Electroless Copper Plating Solution [28] 
I Reagents I 
Copper sulfate pentahydrate 
Ethylenediaminetetraacetic acid (EDTA) 
Sodium Hydroxide 
Formaldehyde (37 wt% MCB reagent grade) 
Sodium formate 
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Summary 
The electroless deposition of copper occurs by the 
following reaction: 
cu+2 + 2HCHO + 40H- = Cu + 2HCoo- + H2 + 2H20 (1) 
The anodic and cathodic partial reactions are expressed as 
follows: 
Cathodic: cu+2 + 2e- = Cu (2) 
Anodic: 2HCHO +40H- = 2HCoo- + H2 + 2H20 + 2e- (3) 
The presence of formaldehyde catalyzes the reduction of 
copper. The interdependence of the partial reactions 
prohibits implementation of the mixed potential theory to 
predict plating reaction rates by examination of the anodic 
and cathodic reactions separately. 
At low copper concentrations (<0.01 M) the diffusion of 
copper to the substrate surface controls the rate of plating. 
At high concentrations of copper (>0.2 M), the kinetics of 
formaldehyde oxidation control plating. 
mechanisms govern plating at 
concentrations (0.01 to 0.2 M). 
An intermix of both 
intermediate copper 
Loss of formaldehyde, aside from the plating reaction, 
normally occurs via plating waste, dragout, evaporation, and 
parasitic reactions. Secondary parasitic reactions include 
formaldehyde oxidation with diffused oxygen, substrate oxide 
removal, and· the Cannizzaro reaction. The rate of the 
Cannizzaro reaction has been observed to be greater than that 
of the desired plating reaction and increase with increasing 
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temperature. It has been estimated that 30 to 40% of the 
formaldehyde added . is lost by some other process than metal 
deposition. 
The initial rate of copper deposition and final rate of 
formaldehyde oxidization were found to be independent of their 
respective concentrations in solution. A linear relationship 
was observed for the final rate of copper deposition and 
initial rate of formaldehyde oxidation with respect to copper 
and formaldehyde concentrations. 
This author found little detailed information quantifying 
the loss of formaldehyde to the atmosphere and secondary 
reactions in the literature. The few studies that were found 
which did address such losses of formaldehyde were conducted 
under ideal laboratory conditions and were not representative 
of actual production environments. 
CHAPTER III 
OBJECTIVES 
The purpose of this research was to quantify releases and 
estimate parasitic consumption of formaldehyde in electroless 
copper plating operations. Having knowledge of chemical 
additions, atmospheric releases, bath overflow rates, and 
concentrations in plating and rinse baths, mass balances with 
respect to formaldehyde and copper were developed for the 
electroless copper plating operations of three independent 
facilities. 
The amount of formaldehyde available to actively 
participate in the plating process was determined by summing 
the amount of formaldehyde consumed, as calculated from mass 
balances, with ·the formaldehyde accumulated in the plating 
bath. The formaldehyde determined available for plating was 
expressed as a percentage of the total formaldehyde added. 
Parasitic formaldehyde consumption was determined by 
conducting mass balances about the plating process during 
periods of no production. The difference between the 
formaldehyde consumed and the formaldehyde required 
stoichiometrically to react with the copper consumed for the 
same time period represents the formaldehyde lost to parasitic 
reactions. The formaldehyde consumption rate of parasitic 
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reactions during periods of no plating was compared to that 
determined during full production. 
This research will provide manufacturers who utilize 
electroless copper processes with a better estimate of the 
distribution of formaldehyde losses and the magnitude of 
formaldehyde consumption due to secondary, parasitic 
reactions. Knowledge of such parameters will aide 
manufacturers in estimating formaldehyde releases and 
facilitate the completion of "Form R". 
CHAPTER IV 
SAMPLING, EXPERIMENTAL PROCEDURE, AND QUALITY ASSURANCE 
The plating operation of the three facilities 
investigated varied in size, production, process 
configuration, and chemical make-up. Identification of 
plating bath chemical compositions, bath volumes, and overflow 
rates were essential for the development of a comprehensive 
mass balance of the plating process. 
Facility Description 
Plant 1 
The first facility's plating operation contained one 240 
gallon plating bath and two 100 gallon countercurrent rinse 
baths with an overflow rate of 2 gallons per minute. Loads 
were moved manually with the aid of a hoist through the 
plating process. The plating bath was kept thoroughly mixed 
by \lay of an air agitator. Chemical additions were made 
continuously by an automated pumping process. Excess plating 
solution overflowed into a collection basin where it was 
pumped to a storage tank prior to disposal. The chemical 
composition of the plant 1 plating bath is provided in Table 
3. 
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Table 3 
Plant 1 Plating Bath Chemical Composition 
CHEMICAL MAJOR PERCENT SPECIFIC 
NAME CONSTITUENT BY WEIGHT GRAVITY 
CUPOSIT 
Electro less Copper 5 1.16 
Copper 
251 A 
CUPOSIT 
Electro less EDTA 20 1.10 
Copper 
251 R 
CUPOSIT Z Sodium 25 1.30 
Hydroxide 
CUPOSIT(R) y Formaldehyde 25 1.08 
Concentrate 
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Plant 2 
The second facility was a fully automated plating 
operation. It contained two electroless copper baths situated 
adjacent to each other. Each bath had a capacity of 178 
gallons. As with plant 1, an aerator provided thorough mixing 
within the plating tanks and chemical additions were made 
continuously through an automatic pumping process. A 
description of the plating bath chemicals is provided in Table 
4. Rinsing was accomplished via spray nozzles located on a 
mobile bar which would traverse the width of an empty tank. 
Loads requiring rinsing placed in the tank would be angled 
approximately 30 degrees from vertical and sprayed with city 
water from 5 nozzles. The same procedure would be repeated 
with the load angled approximately 30 degrees from vertical in 
the opposite direction. An additional rinsing cycle, similar 
to the one described above, utilizing deionized water flowing 
from six nozzles immediately followed the first cycle. All 
spray nozzles delivered a flow of 89 milliliters per second 
for a total rinse time of 42 seconds. Waste water generated 
from the rinse cycles was funneled into a temporary storage 
basin located beneath the rinse tank. A float activated pump 
would periodically remove liquid once a critical liquid level 
had been reached. 
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Table 4 
Plant 2 Plating Bath Chemical Composition 
CHEMICAL MAJOR PERCENT SPECIFIC 
NAME CONSTITUENT BY WEIGHT GRAVITY 
Copper 10 
3350A Sulfate (as copper) 1.10 
Formaldehyde 7 
3350R EDTA 20 -
CUPOSIT c Sodium 15 -
3350C Hydroxide 
CUPOSIT y Formaldehyde 25 1.08 
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Plant 3 
The third facility's operation contained two electroless 
copper plating processes. A fully enclosed automated plating 
line, utilized for general production, was located next to a 
smaller, experimental manual line. The manual line was the 
focus of study for this investigation since it was open to the 
ambient atmosphere of the facility. The plating bath was 
followed by two counterflow rinse baths. Each tank had a 
capacity of 40 gallons. The overflow rate of the rinse bath 
was determined to be 3 gallons per minute. An aerator located 
in the plating bath kept the solution thoroughly mixed. 
Facility laboratory personnel would sample the plating 
solution before the introduction of a load and manually add 
replenishing chemicals when deemed necessary. A description 
of the plating bath chemicals is provided in Table 5. 
Sample Collection 
In order to develop a representative mass balance 
quantifying formaldehyde transformations in electroless copper 
baths, grab samples of the plating solution and rinse water 
from the first tank directly following plating were collected 
from each of the three facilities. Plating bath and rinse 
samples were obtained approximately every thirty and sixty 
minutes, respectively, for the duration of the sample period. 
The samples were collected from the middle of the bath surface 
with two 250 ml beakers (one for each bath: plating and 
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Table 5 
Plant 3 Plating Bath Chemical Composition 
CHEMICAL MAJOR PERCENT SPECIFIC 
NAME CONSTITUENT BY WEIGHT GRAVITY 
Formaldehyde 7 
CUPOSIT(R) 
385A Copper 4 1.20 
Copper Mix Chloride (as copper) 
Concentrate 
EDTA 22 
CUPOSIT(R) 
385B Sodium 12 1.10 
Copper Mix Hydroxide 
Concentrate 
CUPOSIT Y Formaldehyde 25 1.08 
Concentrate 
CUPOSIT Z Sodium 25 1.30 
Hydroxide 
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rinse). Plant 2 plating bath samples were taken by 
alternating between the two adjacent tanks every . thirty 
minutes for the first day of sampling. On the second day, 
only one plating bath was active. All plating samples 
collected on day 2 originated from the active bath. Rinse 
samples from plant 2 were obtained from the storage basin 
located below the spray rinse tank. Each process tank or 
basin was either subjected to a constant overflow rate or 
contained an aerator andjor pump which kept the bath 
thoroughly mixed. 
Plating bath samples were diluted by a factor of 100 at 
the time of collection at all three facilities. Dilution was 
accomplished by pipetting 2 ml of plating solution into a 200 
ml volumetric flask and adding 1% sodium bisulfite solution to 
fill the remaining volume. Sodium bisulfite was used to 
stabilize formaldehyde in solution and halt the plating 
process. Rinse water samples were diluted by a factor of 8 at 
the first and third facilities and by a factor of 10 at the 
second facility. Rinse bath dilution was accomplished in the 
same manner as with the plating solution however 25 ml of 
rinse sample was diluted for the first and third plant and 20 
ml of sample was diluted for the second plant. 
Once diluted the samples were transferred into 125 or 175 
ml low density polyethylene bottles which had been washed with 
a 10% nitric acid solution and triple rinsed with deionized 
water. Sample bottles were filled to capacity and capped to 
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minimize head space. Samples were labeled "B" or "R" denoting 
plating or rinse sample followed by two numbers representing 
the sample day and sample number. For example, B210 is the 
tenth plating bath sample collected on the second day of total 
sampling. A field blank containing only 1% sodium bisulfite 
was collected each day of sampling to identify potential 
contamination from sample bottles andjor bisulfite solution. 
Field blanks were denoted with "FB" in place of the "B" or "R" 
described previously. Labeled samples were temporarily stored 
in insulated portable coolers until returned to the laboratory 
at which point the samples were transferred to a walk-in 
refrigerator kept at a constant temperature of thirty six 
degrees Fahrenheit for permanent storage. 
Plating bath chemical additions at plants 1 and 2 were 
recorded at the time of plating bath sampling. Measurements 
of liquid levels from plating bath replenishment barrels were 
recorded to quantify additions. Chemical additions at plant 
3 were performed manually. Laboratory logs detailing the type 
of chemical, volume added, and time of addition were obtained 
from the third facility for the days of sampling. 
Ambient air samples were collected by 4 samplers 
strategically positioned around the electroless copper plating 
line. Each fugitive sampler consisted of 3 quart size 
impingers in · series half filled with 1% sodium bisulfite, 
diffuser stones connected to air feed lines, a jar of silica 
desiccant, dry gas meter, orifice, valve, and pump. Air was 
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drawn into the feed lines due to a negative pressure induced 
by the pump. With - .the aide of the diffuser stones, the 
captured air was bubbled through each successive jar of 
bisulfite solution. Before entering the dry gas meter, the 
air stream was passed through a jar of silica desiccant for 
dehumidification. An orifice and pressure gauge connected in 
parallel were located on the outlet side of the dry gas meter. 
The flowrate of the air passing through the sample train was 
controlled by adjusting a valve to obtain the desired pressure 
drop. 
Fugitive samplers were operated for a duration of 5 to 6 
hours during each day of sampling. Dry gas meter readings 
were recorded prior to, periodically during, and after sampler 
operation in order to determine the volume of air passing 
through each train. After the sample period, each impinger of 
the fugitive trains was increased to a total volume of 1 liter 
with bisulfite · solution and transferred into 500 ml low 
density polyethylene bottles which had been triple rinsed with 
a 10% nitric acid solution and deionized water. 
Fugitive samples were labeled "F" followed by the sample 
day number, train number, and impinger number. For example, 
F123 represents the fugitive air sample collected on the first 
day of sampling from the second sample train third impinger. 
Stack sampling at each facility was accomplished using a 
modified sample train similar to that used to determine 
fugitive formaldehyde releases. Due to the high air 
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velocities expected in the stacks an extra empty jar was 
inserted prior to the- .desiccant. The purpose of this jar was 
to impinge liquid drops of bisulfite entrained in the air 
stream on the bottom of the jar thereby extending the 
desiccant's life. 
Two or three separate stack sample periods lasting a 
duration of 90 to 96 minutes were conducted on each sample day 
at the three facilities. The inlet of the sample probe was 
positioned perpendicular to the direction of flow and 
traversed across the width of the stack. The velocity of the 
stack gas was determined using a hot wire anemometer at each 
position across the stack. The flowrate of the sample train 
was adjusted using a pressure gauge and valve as previously 
described to match that of the stack gas. 
The solution from stack sample train impingers was 
diluted to 1 liter with 1% bisulfite solution and transferred 
into 500 ml low ·density polyethylene bottles. Stack samples 
were labeled "S" followed by the sample day number, stack run 
number, and impinger number. For example, S123 represents the 
stack sample from the third impinger for the second run of the 
sample train on the first day of sampling. 
Formaldehyde Analysis 
Method 3500 from the. NIOSH Manual of Analytical Methods, 
Revision 1, May 15, 1989, was used to determine the 
formaldehyde concentrations of laboratory and field samples. 
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Method 3500 is a colorimetric analysis which determines 
concentrations by matching sample absorbance read on a 
spectrophotometer at 580 nanometers (nm) wavelength to the 
linear portion of a calibration curve. The procedure involves 
heating a combination consisting of 40% sample (or calibration 
standard) , 2% dichromotropic acid ( 1% solution) , and 58% 
concentrated sulfuric acid at a temperature of 95 degrees 
Celsius for 15 minutes. The reaction develops a light to deep 
purple color depending on the relative concentration of 
formaldehyde. NIOSH Method 3500 is provided in Appendix A. 
Experimental Procedure 
Prior to analyzing samples collected from field 
investigations, the method detection limit and quality 
assurance charts for the experimental process were determined. 
Slight modifications with regards to sample volumes, reagent 
additions, and volumetric flask sizes were made in order to 
accommodate laboratory equipment. The absorbance was 
determined using 
spectrophotometer. 
a Bausch and Lomb Spectronic 20 
Regression analysis describing the linear 
portion of the standard curves was performed with the computer 
spreadsheet Quattro Pro 3. Regression equations which 
produced a correlation coefficient squared ( r 2 ) of o. 99 or 
greater were ·considered acceptable for use in determining 
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sample formaldehyde concentrations. The correlation 
-
coefficient (r) was calculated as follows: 
(13) 
where: n = sample size 
(Xi,Yi) = observed data pair 
A standard curve composed of o, 0.5, 1.0, 1.5, 2.5, and 
5. 0 mg/1 formaldehyde samples was used to calibrate the 
spectrophotometer. Table 6 illustrates the required volume of 
0.01 mgjml formaldehyde calibration stock solution necessary 
to create such standards. Sodium bisulfite (1%) solution was 
added to effectively dilute the calibration stock to the total 
sample volumes stated in Table 7. 
A grab sample of electroless copper plating solution 
obtained from plant 1 on April 28, 1992 was used to develop 
control charts, determine the method detection limit, and 
identify potential interferences to the analysis. For the 
development of replicates and spikes, the plating solution was 
assumed to have a formaldehyde concentration of approximately 
1.5 grams per liter. 
An analysis performed on May 15, 1992 diluted 1 ml of 
plating solution to a total volume of 100 ml with 1% sodium 
bisulfite. One milliliter of this solution combined with 2.5 
ml of 0.01 mgjml calibration stock was diluted with bisulfite 
to a total volume of 1000 ml. It was assumed that the final 
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Table 6 
Calibration Curve Standard Development 
TOTAL VOLUME OF 0.01 mgjml CALIBRATION STOCK TO 
VOLUME MAKE STANDARD WITH THE FOLLOWING 
OF FORMALDEHYDE CONCENTRATION (mg/ 1) 
FLASK SAMPLE 
SIZE (STD) 
(ml) (ml) 0 0.25 0.50 0.75 1.0 2.0 2.5 5.0 
25 10 0 0.25 0.50 0.75 1.0 2.0 2.5 5.0 
50 20 0 0.50 1.00 1.50 2.0 4.0 5.0 10 
100 40 0 1.00 2.00 3.00 4.0 8.0 10 20 
Table 7 
Method 3500 Reagent Requirements 
VOLUMETRIC VOLUME OF VOLUME OF VOLUME OF 
FLASK SAMPLE OR 1% DICHROMOTROPIC CONCENTRATED 
SIZE STANDARD ACID SULFURIC ACID 
(ml) (ml) (ml) (ml) 
25 10 0.25 14.75 
50 20 0.50 29.50 
100 40 1.00 59.00 
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concentration of the solution would range from 0.025 mg/1 to 
- -
o.04 mg/1 formaldehyde. Twelve replicates of this solution 
were analyzed. Formaldehyde concentrations were determined 
from equations 14 and 15 of Tables 9 and 10 derived from the 
regression analysis using the first five and four standard 
absorbance, respectively. The standard curve of this analysis 
is provided in Table 8 and illustrated in Figure 14. The 
regression analysis and calculated replicate results for the 
two equations are summarized in Table 9 and 10. 
An analysis performed on May 29, 1992 diluted 1 ml of 
plating bath solution collected from plant 1 on April 28, 1992 
to a volume of 1000 ml with 1% sodium bisulfite. six 
replicates of this solution were analyzed and used to 
represent the matrix for the development of six spiked 
samples. The spikes were created by combining 2 ml of 0.01 
mgjml formaldehyde calibration stock with 18 ml of the diluted 
plating bath solution in a 50 ml volumetric flask. Equation 
16 of Table 13 determined from regression using the first four 
standard absorbance was used to calculated formaldehyde 
concentrations. The standard curve, regression analysis, and 
experimental results are provided in Figure 15, and Tables 11, 
12, 13, and 14. 
A similar experiment to that conducted on May 29, 1992 
was performed on June 1, 1992. The substitution of 25 ml 
volumetric flasks in place of the 50 ml flasks used during the 
May 29 experiment had the effect of essentially cutting the 
Table 8 
May - ~~' 1992 Standard curve 
VOLUME OF FORMALDEHDYE 
CALIBRATION STOCK. STANDARD 
SOLUTION CONCENTRATION 
(ml) (mg/ 1) ABSORBANCE 
0.0 0.0 
2.0 0.5 
4.0 1.0 
6.0 1.5 
10.0 2.5 
20.0 5.0 
FORMALDEHYDE STANDARD CURVE 
MAY 1 5, 19 9 2 
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Fiqure 14: May 15, 1992 Standard Curve 
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Table 9 
May 15, 1992 Analysis Results #1 
CALCULATED 
FORMALDEHDYE 
REPLICATE CONCENTRATION* 
NUMBER ABSORBANCE (mg/ 1) 
1 0.007 -0.0186 
2 0.005 -0.0268 
3 0.004 -0.0309 
4 0.003 -0.0350 
5 0.003 -0.0350 
6 0.002 -0.0391 
7 0.006 -0.0227 
8 0.007 -0.0186 
9 0.005 -0.0268 
10 0.003 -0.0350 
11 0.005 -0.0268 
12 0.007 -0.0186 
I MEAN= -0.0278 I STANDARD DEVIATION = 0.00723 
*Regression equation derived from first five standard points: 
concentration(mg/l)=Absorbance-0.011554 ( 14 ) 0.244405 
r 2 = o. 9973 
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Table 10 
May 15, 1992 Analysis Results #2 
CALCULATED 
FORMALDEHDYE 
REPLICATE CONCENTRATION• 
NUMBER ABSORBANCE (mg/ 1) 
1 0.007 0.0210 
2 0.005 0.0134 
3 0.004 0.0095 
4 0.003 0.0057 
5 0.003 0.0057 
6 0.002 0.0019 
7 0.006 0.0172 
8 0.007 0.0210 
9 0.005 0.0134 
10 0.003 0.0057 
11 0.005 0.0134 
12 0.007 0.0210 
I 
MEAN= 0.0124 
I STANDARD DEVIATION = 0.00675 
·Regression equation derived from first four standard points: 
concentration(m /l)=Absorbance-0.0015 
g 0.262 (15} 
r 2 = o. 9998 
Table 11 
May_ ?~J 1992 Standard curve 
VOLUME OF FORMALDEHDYE 
CALIBRATION STOCK STANDARD 
SOLUTION CONCENTRATION 
(ml) (mgj 1) ABSORBANCE 
0.0 0.0 0.000 
2.0 0.5 0.135 
4.0 1.0 0.275 
6.0 1.5 0.410 
10.0 2.5 0.655 
20.0 5.0 1.150 
FORMALDEHYDE STANDARD CURVE 
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1.2 
w 0 .8 
() 
z 
< ~ 0.6 
0 
(/) 
CD 
< 0.4 
0.2 
0 
/ 
/ v 
0 0.5 
/ 
v~ 
/ 
~ 
/ 
v v / 
/ 
/ 
v 
1.5 2 2.5 3 3.5 4 4.5 5 
FORMALDEHYDE CONC. (mg/1) 
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Table 12 
May 29, 1992 Qnspiked Plating Bath Matrix 
- - -
CALCULATED• 
HCHO ACTUAL 
REPLICATE CONC. DILUTION CONC. 
NUMBER ABSORBANCE (mg/ 1) FACTOR (mg/ l) 
1 0.067 0.246 1000 246.4 
2 0.068 0.250 1000 250.0 
3 0.068 0.250 1000 250.0 
4 0.066 0.243 1000 242.7 
5 0.067 0.246 1000 246.4 
6 0.062 0.228 1000 228.1 
Table 13 
May 29, 1992 Spiked Plating Bath Matrix 
CALCULATED• 
FORMALDEHYDE 
REPLICATE CONCENTRATION 
NUMBER ABSORBANCE (mg/ 1) 
1 0.328 1.199 
2 0.330 1.206 
3 0.333 1. 217 
4 0.332 1.214 
5 0.337 1.232 
6 0.333 1. 217 
·Regression equation derived from first four standard points: 
Concentration(mg/l)=Absorbance+0.0005 (16) 
0.274 
r 2 = o. 9999 
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Table 14 
May 29, 1992 Percent Recovery 
SPIKED 
MATRIX MATRIX SPIKE 
REPLICATE MASS MASS MASS PERCENT 
NUMBER (mg) (mg) (mg) RECOVERY 
1 0.0240 0.0044 0.0200 97.72 
2 0.0241 0.0045 0.0200 98.12 
3 0.0243 0.0045 0.0200 99.22 
4 0.0243 0.0044 0.0200 99.51 
5 0.0246 0.0044 0.0200 101.00 
6 0.0243 0.0041 0.0200 101.19 
MEAN PERCENT RECOVERY = 99.46 
PERCENT RECOVERY STANDARD DEVIATION = 1.43 
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volumes of diluted plating solution and calibration stock 
combined in half. on_e _ inillili ter of formaldehyde calibration 
stock was added to 9 ml of diluted plating bath solution to 
obtain a final sample volume of 10 ml. The concentrations of 
the June 1, 1992 experiment were determined using equation 17 
of Table 17. The results are summarized in Figure 16, and 
Tables 15, 16, 17, and 18. 
Method Detection Limit 
The method detection limit (MDL) of the experiment 
provides a value for the lowest formaldehyde concentration 
which can be considered statistically valid. The MDL is 
calculated as follows: 
MDL = t<n-1 , 1 -a1 pha-o. 99 ) * pooled standard deviation (18) 
The "t" statistic is the students' t-value for a one sided 99% 
confidence level with the degrees of freedom of the pooled 
standard deviation equal to 1 less than the total number of 
samples. The standard deviation (s) is calculated in the 
following manner: 
where: 
n (XJ.- -X) 2 
s= .E---
i=o n-1 
(19) 
X - the sample mean determined as 
follows: 
Table 15 
June ) : ,_ 19 9 2 Standard Curve 
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Table 16 
June 1, 1992 _U~spiked Plating Bath Matrix 
CALCULATED• 
HCHO ACTUAL 
REPLICATE CONC. DILUTION CONC. 
NUMBER ABSORBANCE (mgj 1) FACTOR (mgj 1) 
1 0.066 0.251 1000 250.6 
2 0.062 0.234 1000 234.3 
3 0.066 0.251 1000 250.6 
4 0.063 0.238 1000 238.3 
5 0.068 0.259 1000 258.7 
6 0.066 0.251 1000 250.6 
Table 17 
June 1, 1992 Spiked Plating Bath Matrix 
CALCULATED• 
FORMALDEHYDE 
REPLICATE CONCENTRATION 
NUMBER ABSORBANCE (mgjl) 
1 0.305 1.226 
2 0.298 1.197 
3 0.307 1.234 
4 0.313 1.259 
5 0.318 1.279 
6 0.313 1.259 
·Regression equation derived from first four standard points: 
concentration(rn /l)=Absorbance+0.0046 
g 0.24503 (17) 
r 2 = 0. 9996 
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Table 18 
June 1, 1992 Percent Recovery 
SPIKED 
MATRIX MATRIX SPIKE 
REPLICATE MASS MASS MASS PERCENT 
NUMBER (mg) (mg) (mg) RECOVERY 
1 0.0123 0.0023 0.0100 100.05 
2 0.0120 0.0021 0.0100 98.66 
3 0.0123 0.0023 0.0100 100.86 
4 0.0126 0.0021 0.0100 104.41 
5 0.0128 0.0023 0.0100 104.62 
6 0.0126 0.0023 0.0100 103.31 
MEAN PERCENT RECOVERY = 101.98 
PERCENT RECOVERY STANDARD DEVIATION = 2.48 
52 
(2Q) 
n = sample size 
xi = individual observations 
The replicates analyzed May 15, May 29, and June 1, 1992 
were used to calculated the method detection limit. The 
standard deviation of each analysis is illustrated in Table 
19. 
The pooled standard deviation of the three analysis dates 
was calculated to be 0. 00761 according to the following 
equation: 
where: 
X L (ni -1) s[ 
8 pooled= 
i=l 
x = number of experimental analysis 
groups 
n 1 = number of replicates in each 
individual analysis group 
s 1 = standard deviation of each 
individual analysis group 
(21) 
The t statistic for 32 degrees of freedom and an alpha value 
of 0.01 was determined to be 2.45 [16]. The product of the 
pooled standard deviation and the t statistic produced a 
method detection limit of 0.019 mg/1 or 19 parts per billion 
(ppb). 
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Table 19 
Experimental Analysis Standard Deviation 
ANALYSIS NUMBER OF STANDARD DEGREES OF 
DATE REPLICATES DEVIATION FREEDOM 
May 15, 1992 #1 12 0.00723 11 
May 15, 1992 #2 12 0.00675 11 
May 29, 1992 6 0.00821 5 
June 1, 1992 6 0.00940 5 
I Total Degrees of Freedom I 32 I 
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Control Charts 
In order to characterize the precision and accuracy of 
the laboratory analysis, the relative percent difference of 
replicates and percent recovery of matrix spikes were 
calculated. 
The relative percent difference (RPD) was the parameter 
utilized to describe the precision of the analysis. The RPD 
was determined according to the following equation: 
where: 
c -c 
RPD= 1 2 *100% 
cl +c2 
2 
(22) 
C1 - larger of the two observed values 
C2 - smaller of the two observed values 
Table 20 presents the relative percent difference calculated 
using the replicates analyzed on May 29 and June 1, 1992. The 
relative percent difference upper warning and control limits 
was defined to be 2. 512 and 3. 267 times the mean relative 
percent difference of the replicates or 11.68% and 15.20%, 
respectively. Figure 17 illustrates the control chart for 
precision. 
The accuracy of the experimental procedure was determined 
using the percent recovery as calculated with the following 
equation: 
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Table 20 
Control Chart For Precision Data 
SAMPLE 1 SAMPLE 2 RELATIVE 
PAIR CONC. CONC. ABSOLUTE PERCENT 
NUMBER (mg/ 1) (mg/ l) DIFFERENCE MEAN DIFFERENCE 
1 0.246 0.250 0.004 0.248 1.613 
2 0.250 0.250 0.000 0.250 0.000 
3 0.250 0.243 0.007 0.247 2.840 
4 0.243 0.246 0.003 0.245 1.227 
5 0.246 0.228 0.018 0.237 7.595 
6 0.228 0.251 0.023 0.240 9.603 
7 0.251 0.234 0.017 0.243 7.010 
8 0.234 0.251 0.017 0.243 7.010 
9 0.251 0.238 0.013 0.245 5.317 
10 0.238 0.259 0.021 0.249 8.451 
11 0.259 0.251 0.008 0.255 3.137 
12 0.251 0.246 0.005 0.249 2.012 
RELATIVE PERCENT DIFFERENCE AVERAGE 4.651 
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VOL C -VQT. C PercentRecov-ery= spm spm ""'-'-n m *100% 
VOL8 pCsp 
(23) 
where: VOLsp• = volume of spiked matrix 
cspa = measured concentration of 
spiked matrix 
VOL., = volume of matrix which was 
spiked 
c. - measured concentration of 
unspiked matrix 
VOLsp - volume of spike 
csp = spike concentration 
The spike data used to quantify percent recovery is provided 
in Table 21. The upper and lower control limits were 
determined by adding and subtracting 3 standard deviations to 
the average percent recovery. The upper and lower warning 
limits were calculated by adding and subtracting 2 standard 
deviations to the average percent recovery. Control and 
warning limits are presented in Table 22. The control chart 
for accuracy is illustrated in Figure 18. 
Copper Analysis 
The copper concentrations of field samples were 
determined using an autosampling Hatachi Z-9000 simultaneous 
multielement atomic absorption spectrophotometer. A sample 
volume of 20 microliters injected into a graphite tube cuvette 
was subjected to an analysis cycle consisting of drying at 80 
to 120 degrees Celsius (C) for 30 seconds, ashing at 600 C for 
30 seconds, atomization for 10 seconds at 2700 c followed by 
cuvette cleaning at 3000 c for 3 seconds. A carrier gas and 
interruption rate of 200 mljminute and 30 mljminute, 
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Table 21 
Control Chart For Accuracy Data 
I 
REPLICATE 
I 
PERCENT 
I NUMBER RECOVERY 
1 97.72 
2 98.12 
3 99.22 
4 99.51 
5 101.00 
6 101.19 
7 100.05 
8 98.66 
9 100.86 
10 104.41 
11 104.62 
12 103.31 
AVERAGE 100.72 
STANDARD DEVIATION 2.3359 
Table 22 
Control Chart For Accuracy Warning And Control Limits 
UPPER UPPER LOWER LOWER 
CONTROL WARNING WARNING CONTROL 
LIMIT LIMIT LIMIT LIMIT [ 107.73 I 105.39 I 96.05 I 93.71 I 
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respectively, were used. Samples were preserved with nitric 
acid prior to analysis~ 
Two separate standard curves were developed to determine 
copper concentrations at low ( 10-100 ppb) and high levels 
(100-500 ppb). A correlation coefficient of at least 0.999 
had to be obtained for each standard curve in order to be 
considered valid. Samples containing a copper concentration 
greater than 500 ppb were diluted and reanalyzed. Duplicates 
of each standard and sample were analyzed and 
standard deviation, and relative standard 
calculated. 
the mean, 
deviation 
Quality assurance consisted of daily calibration of the 
instrument, obtaining a result within the 95% confidence 
interval for a standard of known concentration, and 
recalibration after every tenth sample with the midpoint 
standard solution. Duplicates and spikes were conducted daily 
at a rate of ten percent of samples to be analyzed. Quality 
assurance results for the copper analysis are provided in 
Appendix B. 
CHAPTER V 
EXPERIMENTAL DATA 
Using NIOSH Method 3500 and the Hatachi Z-9000 
spectrophotometer, the formaldehyde and copper concentrations 
of samples collected from the three plating facilities were 
determined. The formaldehyde and copper analysis results for 
the plating bath, rinse bath, field blanks, fugitive air, and 
stack air samples are summarized in Appendix B. 
Formaldehyde Mass Balance Calculations 
The development of a mass balance around the electroless 
copper plating tank required knowledge of plating and rinse 
bath formaldehyde concentrations, tank volumes, and overflow 
rates as well as atmospheric emission factors and formaldehyde 
additions. A schematic identifying the individual parameters 
of the mass balance is illustrated in Figure 19. 
The basic concept of a non-steady state mass balance in 
a completely mixed reactor is traditionally of the form: 
Input-Output+/-Generation=Accurnulation 
where: = input volumetric flowrate 
= input concentration 
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Fiqure 19: Mass Balance Schematic 
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Qo - output volumetric flowrate 
C9 _ .. _ = output concentration 
rc 
v 
dCo 
dt 
-
-
= 
= 
rate of consumption 
volume 
change in concentration 
time interval 
For the purpose of this analysis, inputs were defined to 
be chemical additions to the plating tank. From this 
definition, losses of formaldehyde experienced prior to 
addition to the plating process were not considered. For this 
reason, the quantification of formaldehyde release and 
consumption were determined with respect to the mass of 
formaldehyde added to the plating tank and not to the total 
mass of formaldehyde purchased. 
The concentration of formaldehyde was determined from the 
specific gravity and weight fraction of formaldehyde in the 
replenishing solution according to the following equation: 
Concentration(kg/l)=S.G.*C.W.F. (26) 
where: S.G. = specific gravity 
C.W.F. = chemical weight fraction 
Material Safety Data Sheets (MSDS) obtained from each of the 
facilities provided the information required to determine 
formaldehyde additions to the plating process. 
For the facilities with automated chemical addition, 
plants 1 and 2, the volumetric flowrate of solution wasted 
from the plating tank equalled the difference of plating 
solution added less that lost to the atmosphere. Assuming 
volumetric losses to the atmosphere are negligible in 
comparison to that wasted from the plating tank, the flowrate 
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of the plating solution waste stream simply equalled that of 
chemical additions. Dragout and dragin volumes were assumed 
to be equal. At plant 3, manual additions of replenishing 
chemicals were minor and no waste stream of plating solution 
was present. It was assumed that additions to the plating 
process were subsequently balanced by atmospheric losses and 
dragout. 
Atmospheric releases of formaldehyde into the ambient air 
and stack of the plating facilities were estimated using 
emission rates determined from air sampling [4]. 
NIOSH Method 3500 was employed to determine the impinger 
formaldehyde concentrations for the stack and fugitive sample 
trains. Estimations of room ventilation rates and volumetric 
stack flow allowed fugitive and stack emission rates to be 
developed from the laboratory analysis. 
The mass balance with respect to formaldehyde developed 
for examination of the plating facilities is presented below: 
where: 
(27) 
Qc = volumetric flowrate of addition 
Cc = concentration of addition 
Qw = volumetric flowrate of plating 
waste 
Cp1 = concentration of plating bath at 
time i 
Qr - volumetric flowrate of rinse 
cri - concentration of rinse bath at 
time i 
E~ = fugitive air emission rate 
~ = stack air emission rate 
VP = volume of plating bath 
vr - volume of rinse bath 
9t _ - = time interval 
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A detailed account of equation parameters for plants 1, 
2, and 3 for periods of plating and no plating activity is 
provided in Appendix c. A summary of formaldehyde mass 
balance results is presented in Tables 23 through 27. 
Copper Mass Balance Calculations 
A similar mass balance analysis to that of formaldehyde 
was conducted for copper at the three plating facilities. The 
same equations developed for formaldehyde were used for 
determining copper additions, losses, and consumption. 
Atmospheric releases of copper were assumed to be negligible 
with respect to additions and other losses included in the 
mass balance. This assumption was supported by the analysis 
of stack and fugitive samples which revealed copper 
concentrations of the same magnitude as the field blanks. 
A detailed representation of the balance parameters for 
the duration of study for the three facilities during periods 
of plating and no plating is provided in Appendix D. A 
summary of mass balance results is presented in Tables 28 
through 32. 
Quality Assurance 
The precision and accuracy of formaldehyde experimental 
results were monitored by the inclusion of sample duplicates 
and spikes for each day of analysis. The relative percent 
DAY 
1 
2 
DAY 
I 1 I 
Table 23 
Plant 1 Formaldehdye Mass Distribution During Plating 
PLATING TOTAL 
BATH RINSE 
ACCUMULATION ADDITIONS BATH FUGITIVE STACK WASTE CONSUMED 
(g) (g) (g) (g) (g) (g) (g) 
132.0 6382 20.4 89.5 29.7 282.7 5827 
' 
68.6 6873 8.34 95.1 24.5 343.3 633',3 
Table 24 
Plant 1 Formaldehyde Mass Distribution During No Plating Activity 
PLATING TOTAL 
BATH RINSE 
ACCUMULATION ADDITIONS BATH FUGITIVE STACK WASTE CONSUMED 
(g) (g) (g) (g) (g) (g) (g) 
-432.7 I 0.00 I 0.00 I 22.4 I 9.0 I 0.00 I 401.3 I 
0'1 
0'1 
Table 25 
Plant 2 Formaldehdye Mass Distribution During Plating 
---
PLATING TOTAL 
BATH RINSE 
ACCUMULATION ADDITIONS BATH FUGITIVE STACK WASTE 
DAY (g) (g) (g) (g) (g) (g) 
1 -711.1 11426 12.2 114.8 88.8 825.8 
I 
2 -48.1 7252 12.9 147.2 50.8 590.2 
CONSUMED 
(g) 
11096 
' 
64~9 
0\ 
-....] 
DAY 
1 
2 
DAY 
I 1 
Table 26 
Plant 3 Formaldehdye Mass Distribution During Plating 
--
PLATING TOTAL 
BATH RINSE 
ACCUMULATION ADDITIONS BATH FUGITIVE , STACK CONSUMED 
(g) (g) (g) (g) (g) (g) 
69.2 673.2 4.99 5 . 68 7.05 586.~ 
' 
109.4 1408 29.5 12.4 12.8 1244 ·, 
Table 27 
Plant 3 Formaldehyde Mass Distribution During No Plating Activity 
PLATING TOTAL 
BATH RINSE 
ACCUMULATION ADDITIONS BATH FUGITIVE STACK CONSUMED 
(g) (g) (g) (g) (g) (g) 
I -157.2 I 0.00 I 0.00 I 7.76 I 4.90 I 144.6 I 
0'1 
00 
Table 28 
Plant 1 Copper Mass Distribution During Plating 
PLATING TOTAL 
BATH RINSE 
ACCUMULATION ADDITIONS BATH WASTE CONSUMED 
DAY (g) (g) (g) (g) (g) 
1 -118.1 3005 16.6 283 2824 
2 -1390 3533 9.19 293.2 4620 
Table 29 
Plant 1 Copper Mass Distribution During No Plating Activity 
PLATING . TOTAL 
BATH RINSE 
ACCUMULATION ADDITIONS BATH WASTE CONSUMED 
DAY (g) (g) (g) (g) (g) 
I 1 I -9.08 I 0.00 I 0.00 I 0.00 I 9.08 I 
0\ 
I.D 
Table 30 
Plant 2 Copper Mass Distribution During Plating 
PLATING TOTAL 
BATH RINSE 
ACCUMULATION ADDITIONS BATH WASTE 
DAY (g) (g) (g) (g) 
1 o.o 8415 11.8 352.4 
2 -6.7 5798 13.5 240.8 
CONSUMED 
(g) 
8050 
5550 
..._, 
0 
Table 31 
Plant 3 Copper Mass Distribution During Plating 
PLATING TOTAL 
BATH RINSE 
ACCUMULATION ADDITIONS BATH CONSUMED 
DAY (g) (g) (g) (g) 
1 3.03 230.4 1.80 225.6 
2 -113.6 542.4 9.22 646.7 
Table 32 
Plant 3 Copper Mass Distribution During No Plating Activity 
PLATING TOTAL 
BATH RINSE 
ACCUMULATION ADDITIONS BATH CONSUMED 
DAY (g) (g) (g) (g) 
I 1 I -18.2 I 0.00 I 0.00 I 18.2 I 
-....] 
1-' 
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difference of duplicates and percent recovery of spikes are 
presented in Tables 33 and 34, respectively. 
Experimental Precision 
The relative percent difference of duplicates for each 
day of sample analysis plotted against the control limits 
developed previously in Chapter IV is illustrated in Figure 
20. The August 7, 1992 data point having a relative percent 
difference of 53. 8 was the only observed violation of the 
warning or control limits. The duplicate set violating 
control was developed from solution collected from the first 
impinger of the second fugitive air unit on the fourth day of 
sampling. The formaldehyde concentrations of the duplicate 
set were determined to be 0. 0275 and 0. 04 77 mgjl with an 
average of 0.0376 mgjl. Due to the close proximity of the 
sample concentrations to the MDL of 0.019 mgjl, minor 
variations in sample absorbance correspond to significant 
variations of calculated concentrations. From this conclusion 
and the obvious control of the other two duplicate sets 
analyzed on August 7, 1992, the experimental results were 
determined to be in control with respect to precision. 
Experimental Accuracy 
The accuracy of the experimental results was 
characterized by the percent recovery of spikes. Table 34 
identifies the various samples used as a matrix to develop 
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Table 33 
Duplicate Ana~y$is Relative Percent Difference 
Mean 
Sample Cone. 
Date ID (mg/ 1) R.P.D. 
1 mgjl STD 1.03 5.42 
July 24 B201 2970 1.08 
8231 0.646 1.23 
0.25 mg/1 STD 0.249 0.56 
July 31 B202 2830 2.96 
B208 2960 1.14 
1 mgjl STD 1.01 5.57 
Aug 3 B213 1550 1.32 
R301 4.80 0.00 
0.75 mg/1 STD 0.748 0.53 
Aug 5 R302 4.54 2.08 
8311 0.732 1.61 
0.75 mg/1 STD 0.763 3.42 
Aug 6 R303 4.01 0.80 
B303 2130 0.75 
0.5 mgjl STD 0.507 2.56 
Aug 7 R401 23.2 1.88 
F421 0.0376 53.8 
0.5 mg/1 STD 0.511 4.24 
Aug 10 R401 23.1 0.84 
B401 4670 2.55 
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Table 33 Cont. 
-
Mean 
Sample Cone. 
Date ID (mg/ 1) R.P.D. 
0.25 mg/1 STD 0.246 2.96 
Aug 11 R403 40.9 1.98 
8431 0.874 3.70 
0.5 mg/1 STD 0.500 0.16 
Aug 12 R501 37.0 0.00 
8511 0.602 1.37 
0.75 mg/1 STD 0.747 0.91 
Aug 13 8521 0.629 1.27 
B505 4690 1.86 
0.5 mg/1 STD 0.505 1.89 
Aug 14 B601 7130 1.11 
8611 0.615 0.65 
0.5 mg/1 STD 0.504 1.70 
Aug 19 B602 6580 0.00 
8621 1.64 1.26 
0.25 mg/1 STD 0.241 7.67 
Aug 20 B605 6310 1.30 
8721 1.46 11.0 
1 mg/1 STD 1.03 5.04 
Aug 21 B609 6170 1.33 
R606 5.76 0.00 
0.5 mg/1 STD 0.496 1.51 
Aug 23 B701 6360 5.22 
R704 7040 5.90 
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Table 34 
Spike Analysis Percent Recovery 
I I Sample I Percent I Date ID Recovery 
July 24 B201 114.4 
July 31 B202 118.7 
B201 114.4 
Aug 3 
R301 104.8 
EDTA 102.1 
Aug 5 
R302 101.7 
Aug 6 R303 103.1 
R401 117.8 
Aug 7 
R401 112.9 
Aug 10 R401 100.5 
Aug 11 R403 108.6 
Aug 12 R501 122.8 
Aug 13 S521 98.9 
Aug 14 B601 103.7 
Aug 19 B602 101.9 
B605 93.8 
Aug 20 
8621 107.7 
Aug 21 B609 104.1 
Aug 23 B701 107.7 
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spikes and their corresponding percent recoveries. Plating 
bath, rinse bath, and first impinger stack samples were used 
for spike development due to their relatively high 
formaldehyde concentrations. A plot illustrating the percent 
recovery for each . da.y of sample analysis with respect to 
control limits determined previously in Chapter IV is 
presented in Figure 21. 
It is apparent from the illustration that violations of 
the upper control limit frequently occurred. Reanalysis of 
the samples and spikes following such control violations 
consistently produced similar results. Spikes made from the 
plating bath samples of plant 1 consistently violated the 
upper control limit while those developed from rinse bath 
samples did not. An EDTA spike was analyzed to identify any 
potential inferences EDTA may contribute to the colorimetric 
analysis. No interferences from EDTA could be detected. Four 
of the five spikes developed from plant 2 rinse bath samples 
fell outside of the upper control limit. A spike made from 
the first impinger of the stack sample train collected on ·the 
second day of sampling at plant 2 remained within control. 
The spikes developed from the plating bath and first 
impinger stack samples of plant 3 did not exceed the upper 
control limit. It was concluded that a matrix interference of 
unknown origin within the plating baths of all three 
facilities was producing a positive bias for spike recovery. 
The bias was observed to be much greater for plants 1 and 2 
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with respect to that of plant 3. Changes in electroless 
copper plating bath chemistry with respect to the original 
plating bath matrix obtained from plant 1 used to develop the 
control limits of Chapter IV may account for the bias. The 
development of control charts for each individual plating 
facility using their respective plating solutions as a matrix 
may have produced results more representative of actual 
conditions however this was not possible due to limiting time 
constraints of sample preservation. 
In order to compensate for any interferences due to 
changing plating bath chemistry to spike recovery, control 
limits for accuracy were developed using the original spike 
data of May 29 and June 1 presented in Table 20 and the spike 
data developed during sample analysis provided in Table 34. 
The inclusion of spike recovery data developed from field 
samples in the development of control and warning limits, 
accounts for the variations in plating bath composition 
experienced at the three facilities. The newly determined 
control limits are provided in Table 35. Figure 22 
illustrates the percent recovery for each day of sample 
analysis with respect to the new control limits. Two non-
consecutive points, July 31 and August 12, 1992, were the only 
observations outside of warning limits thereby proving the 
experiment was in control with respect to accuracy for the 
redefined control limits. 
TABLE 35 
Control Chart For Accuracy Including Field Data 
Warning And Control Limits 
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LIMIT 
125.50 
130 
125 
120 
>-[5 115 
> 8 110 
w 
lr 105 
1-Q 100 
u 
lr 95 
w 
a.. 
90 
85 
80 
LOWER UPPER LOWER 
CONTROL WARNING WARNING 
LIMIT LIMIT LIMIT 
84.06 118.60 90.97 
• luct. I 
-
- luwt I 
• • + 
• + • 
• 
+ 
• • • I ! • • • • 
• ILWL I 
ILO .. I 
Mcy 29 July 24 Aug 3 Aug 6 Aug 10 Aug 12 Aug 14 Aug 20 Aug 23 
June 1 July 3 1 Aug 5 Aug 7 Aug 1 1 Aug 1 3 Aug 1 9 Aug 2 1 
ANALYSIS DATE 
• SPIKE 1 + SPIKE 2 * SPIKE 3 
o SPIKE 4 x SPIKE 5 .A. SPIKE 6 
Figure 22: Modified Formaldehyde Analysis Accuracy 
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CHAPTER VI 
DISCUSSION OF RESULTS 
With the data obtained from the mass balance analysis for 
formaldehyde and copper during plating and no plating periods, 
transformations of formaldehyde could be quantified. Thus, 
the distribution of formaldehyde losses was determined and the 
parasitic reaction rates were estimated. 
Formaldehyde Availability and Losses 
From the mass balance calculations, the formaldehyde 
considered available to actively participate in plating 
equalled the sum of the formaldehyde accumulated in the 
plating bath and that consumed in plating and parasitic 
reactions. This represents the mass of formaldehyde remaining 
after the subtraction of cumulative losses from formaldehyde 
additions. Expressed as a percentage of the formaldehyde 
added , the formaldehyde available for plating for the three 
facilities investigated is presented in Table 36. For 
example, using the data presented in Table 23 for the first 
day of sampling during active plating at plant 1: 
HCHO available for plating = 132g + 5827g = 5959g 
% HCHO available for plating - (5959g 1 6382g) * 100 
= 93.4% 
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From Table 36, it can be seen that 89 to 99.2% of the 
formaldehyde is available for plating. 
Conversely, the formaldehyde additions lost from the 
plating process are simply one minus the fraction of 
formaldehyde available for plating as shown in Table 37. For 
example, for plant 1 day 1 the fraction of formaldehyde lost 
is simply 1 minus 0.934 or 0.066 (6.6%). The values 
calculated for the 6 sample days range from 0.8 to 11% of the 
formaldehyde added. 
The contribution of each loss pathway to the total 
formaldehyde lost was calculated and expressed as a percentage 
in Table 38. For example, continuing with the data for plant 
1 on the first sample day during plating activity, the losses 
were determined as follows: 
Total losses = rinse + fugitive + stack + waste 
= 20.4g + 89.5g + 29.7g + 282.7g = 422.3g 
% rinse - (Z0.4g 1 422.3g) * 100 = 4.84% 
% fugitive = (89.5g 1 422.3g) * 100 = 21.2% 
% stack- (29.7g 1 422.3g) * 100 = 7.04% 
% waste = (282.7g 1 422.3g) * 100 = 66.93% 
As expected, the plating bath waste stream carried the 
majority of formaldehyde away from the plating process, 66.9 
to 79.3%, for the first two facilities. Fugitive emissions, 
ranging from 11.0 to 21.2%, ranked second in plants 1 and 2 
followed by emissions from the stack (5.19 to 8.53%). For 
plant 3, the stack emissions were equal to or slightly greater 
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Table 36 
Percent Of Formalde~ydefCopper Available For Plating 
. --
FORMALDEHYDE COPPER 
PLANT DAY 1 DAY 2 DAY 1 DAY 2 
1 93.4 93.1 90.0 91.4 
2 90.9 89.0 95.7 95.6 
3 97.4 96.1 99.2 98.3 
Table 37 
Percent Of Formaldehyde/Copper Lost From Plating Process 
FORMALDEHYDE COPPER 
PLANT DAY 1 DAY 2 - DAY 1 DAY 2 
1 6.60 6.90 10.0 8.60 
2 9.10 11.0 4.30 4.40 
3 2.60 3.90 0.80 1.70 
Table 38 
Distribution Of Formaldehyde Losses 
~ 0 PLATING 
PLANT DAY ~ 0 STACK %FUGITIVE %RINSE WASTE 
1 7.04 21.20 4.84 66.93 
1 
2 5.19 20.18 1.77 72.86 
1 8.53 11.02 1.17 79.28 
2 
2 6.34 18.37 1.61 73.68 
1 39.80 32.04 28.16 -
3 
2 23.41 22.68 53.91 -
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than fugitive releases. Stack releases ranged from 23.4 to 
39.8% of the formaldehyde lost while fugitive losses varied 
from 22.7 to 32.0%. Loss of formaldehyde due to dragout into 
the rinse tanks were minor in plants 1 and 2 (1.2 to 4.8%) 
however, for plant 3, such losses were found to be significant 
(28.2 to 53.9%). 
Formaldehyde Consumption 
The mass of formaldehyde and copper consumed in the 
electroless copper bath for periods of active plating was 
calculated from the mass balance analysis for the three 
plating operations. Table 39 expresses the molar amount of 
formaldehyde (MW=30 gjgmole) and copper (MW=63. 5 gjgmole) 
consumed and their respective ratios to each other. The ratio 
of formaldehyde to copper was observed to range from 2.48 for 
plant 2 on the second day of sampling to 5.5 for plant 3 on 
the first day. Theoretically, 2 moles of formaldehyde are 
required to reduce 1 mole of copper, therefore an extra demand 
for formaldehyde is being experienced in the plating tank. 
'rhe amount of formaldehyde consumed for the reduction of 
copper expressed as a percentage of the total formaldehyde 
added to the process is presented in Table 40. Utilizing the 
data for plant 1 day 1 provided in Table 23: 
HCHO consumed for copper reduction - 2 * 44.44 moles 
= 88.88 moles 
- 2666g 
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Table 39 
Formaldehyde Consumed/Copper Plated Molar Ratios 
FORMALDEHYDE COPPER HCHO COPPER 
CONSUMED PLATED COPPER HCHO 
PLANT DAY (MOLES) (MOLES) RATIO RATIO 
1 194.05 44.440 4.37 0.229 
1 
2 210.89 72.706 2.90 0.345 
1 369.49 126.69 2.92 0.343 
2 
2 216.43 87.341 2.48 0.404 
1 19.523 3.5497 5.50 0.182 
3 
2 41.429 10.178 4.07 0.246 
Table 40 
Stoichiometric Formaldehyde Consumption During Plating 
% HCHO 
HCHO CONSUMED CONSUMED 
FOR PLATING TOTAL FOR 
PLATED HCHO PLATING 
COPPER ADDED OF HCHO 
PLANT DAY (MOLES) MOLES GRAMS (g) ADDED 
1 44.440 88.880 2666 6382 41.8 
1 
2 72.706 145.41 4362 6872 63.5 
1 126.69 253.38 7601 11426 66.5 
2 
2 87.341 174.68 5240 7252 72.3 
1 3.5497 7.099 213.0 673.2 31.6 
3 
2 10.178 20.356 610.7 1408 43.4 
% consumed of HCHO added - (2666g 1 6382g) * 100 
- 41.8% 
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For the purpose of determining the theoretical 
formaldehyde requirement for the reduction of copper at each 
facility, it was assumed that all the copper consumed was 
directly involved with the plating process. Formaldehyde loss 
due to secondary parasitic reactions was determined from the 
difference of total formaldehyde consumed and the theoretical 
formaldehyde required. The stoichiometric formaldehyde demand 
and excess formaldehyde consumption for the three facilities 
is presented in Table 41. For plant 1 day 1 for example: 
Excess HCHO = 194.05 moles - 88.88 moles = 105.17 M 
% required of total HCHO - (88.88 M 1 194.05 M) * 100 
= 45.8% 
% excess of total HCHO - (105.17 M 1 194.05 M) * 100 
- 54.2% 
The tabulated data suggest 36.4 to 80.7% of the formaldehyde 
added is directly utilized in the plating reaction. 
Similarly, 19.3 to 63.6% of the formaldehyde is consumed in 
other secondary reactions. 
Secondary Formaldehyde Consumption 
In an attempt to quantify formaldehyde consumption from 
secondary, parasitic reactions, samples of plating solution 
were obtained from plants 1 and 3 for extended periods of time 
prior to the initialization of plating. Rinse water samples 
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Table 41 
Theoretical Formaldehyde Requirements For Copper Reduction 
And Observed Excess Of Total Formaldehyde Consumed 
%REQ'D %EXCESS 
EXCESS OF OF 
PLATED REQ'D HCHO TOTAL TOTAL 
COPPER HCHO CONSUMED HCHO HCHO 
PLANT DAY (M) (M) (M) CONSUMED CONSUMED 
1 44.440 88.880 105.17 45.8 54.2 
1 
2 72.706 145.41 65.478 69.0 31.0 
1 126.69 253.38 116.11 68.6 31.4 
2 
2 87.341 174.68 41.748 80.7 19.3 
1 3.5497 7.0994 12.424 36.4 63.6 
3 
2 10.178 20.356 21.073 49.1 50.9 
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were not collected due to the absence of dragout during this 
period. Chemical additions were recorded in order to 
determine formaldehyde replenishment and quantify 
incoming/outgoing solution volumetric flowrates. Samples were 
analyzed for formaldehyde and copper as previously described 
in Chapter 4. 
The distribution of formaldehyde decrease for the various 
possible pathways of loss is presented in Table 42 as a 
percentage of the total formaldehyde decrease. For example, 
using the data presented in Table 24 for plant 1 during no 
plating activity, the formaldehyde decrease distribution was 
calculated as follows: 
% stack = (9.0g 1 432.7g) * 100 = 2.08% 
% fugitive - (22.4g 1 432.7g) * 100 = 5.17% 
% consumed- (401.3g 1 432.7g) * 100 = 92.7% 
Atmospheric losses were found to range from 7.3 to 8.0% of the 
formaldehyde lost. 
The formaldehyde utilized for the reduction of copper 
during the inactive production period was determined from the 
observed copper consumption and stoichiometric requirement of 
2 moles of formaldehyde per mole of copper reduced. 
Formaldehyde consumed in excess of the theoretical requirement 
was assumed to be due to parasitic reactions. For example, 
using the data provided in Tables 27 and 32, the parasitic 
formaldehyde consumption was calculated as follows: 
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Parasitic HCHO consumption= 4.815 moles - 2(0.286 moles) 
= 4.243 moles 
Table 43 presents a summary of results for plants 1 and 3. 
In order to estimate the rate of parasitic formaldehyde 
consumption, the mass of formaldehyde consumed was divided by 
the time duration of the no plating period. A similar 
calculation was performed for the periods of active plating by 
dividing the mass of excess formaldehyde consumed by the time 
period of plating. For example, using the data of Table 24 
the rate of parasitic formaldehyde consumption was determined 
as follows for plant 1 day 1 during the period of no plating 
activity: 
Consumption rate - (401.3g I 30 glmole) I 1.5 hrs 
= 8.91 moleslhr 
Using the parasitic formaldehyde determined consumed during 
active plating in Table 41 for plant 1 day 1, the parasitic 
formaldehyde consumption rate was calculated as follows: 
Consumption rate - 105.17 moles I 6 hrs 
- 17.5 moleslhr 
A comparison of the calculated consumption rates is provided 
in Table 44. The rates of parasitic formaldehyde consumption 
during periods of active production were observed to be a 
maximum of 2 to 4 times greater than rates experienced during 
no production periods for the same facility and day of 
sampling. 
Table 42 
Formaldehyde Degradation Distribution During No Plating 
study 
TOTAL PERCENT DECREASE 
BATH HCHO CONTRIBUTION 
DECREASE 
PLANT (g) STACK FUGITIVE CONSUMED 
1 432.681 2.08 5.17 92.7 
3 157.232 3.11 4.93 92.0 
Table 43 
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Parasitic Formaldehdye Consumption During No Plating Study 
PARASITIC 
HCHO HCHO COPPER COPPER HCHO 
CONSUMED CONSUMED CONSUMED CONSUMED CONSUM. 
PLANT (g) (MOLES) (g) (MOLES) (MOLES) 
1 401.286 13.36 0 0 13.36 
3 144.580 4.815 18.170 0.2859 4.243 
PLANT 
1 
2 
3 
Table 44 
Parasitic Formaldehdye Consumption Rate 
(No plating & Plating) 
NO-PLATING PLATING 
TIME CONSUM. TIME CONSUM. 
DAY PERIOD RATE PERIOD RATE (hrs) (M/hr) (hrs) (M/hr) 
1 1.500 8.91 6.000 17.5 
2 - - 5.083 12.9 
1 - - 5.500 21.1 
2 - - 6.000 6.95 
1 3.417 1.242 2.500 4.97 
2 - - 5.000 4.22 
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Several reasons can be offered to explain the noted 
increase in parasitic -- formaldehyde consumption during periods 
of plating. First 1 the addition of formaldehyde and hydroxide 
to the plating tank in order to maintain adequate chemical 
concentrations required for plating may increase the rate of 
the Cannizzaro reaction compared to periods when the bath sits 
idle. Secondly 1 the removal of oxides which have the 
potential to form on substrates in plating solutions 
containing dissolved oxygen would account for an extra 
formaldehyde demand not realized during periods of no 
production. Lastly 1 increases in bath agitation during active 
plating to expedite the removal of evolved hydrogen and ensure 
complete mixing may facilitate the possibility of air 
oxidation of formaldehyde thereby increasing the rate of 
parasitic formaldehyde consumption compared to periods of no 
production. 
The difference in parasitic formaldehyde consumption 
rates for periods of plating and no plating for plants 1 and 
3 may be attributed to differences in bath composition and 
opera1:ing parameters. As presented previously in Tables 3 and 
5 of Chapter 4 1 a different combination of proprietary 
chemicals were used at the two facilities. The plating bath 
temperature also varied between the two operations. The 
temperatures of the bath were approximately 120 and 85 degrees 
Fahrenheit for the plants 1 and 3 1 respectively. Increases in 
bath temperature have been observed to increase the rate of 
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the Cannizzaro reaction and therefore consume more 
formaldehyde [12]. 
Copper Consumption During No Production 
Figures 23 and 24 illustrate changes in copper 
concentration with respect to time for periods of no 
production at plants 1 and 3, respectively. Due to the 
absence of copper additions to the plating bath of plant 1, 
the plot suggests a constant copper concentration of 
approximately 2310 mgjl. The copper concentration for plant 
3 was observed to linearly decrease at a rate of 37.6 mg/1 
copper per hour from linear regression analysis. The noted 
decrease in copper concentration of plant 3 compared to plant 
1 may again be attributed to the difference in bath chemistry. 
The addition of proprietary stabilizers and complexants may 
have repressed copper reaction in the absence of suitable 
substrate. Another possibility is the instability of the 
plating bath of plant 3. Copper reduction on nucleotides or 
some foreign object within the bath may be responsible for the 
slow degradation of the copper concentration. 
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CHAPTER VII 
CONCLUSIONS 
From the formaldehyde and copper mass balance analysis of 
the three electroless copper plating facilities investigated, 
the following conclusions have been developed. 
1. Approximately 90% of the formaldehyde added to the 
plating process is available for active plating. A 
range of 89.0 to 99.2% was observed for the three 
plating facilities investigated. The remaining 10% 
of formaldehyde additions is lost either to the 
atmosphere, waste stream, or rinse tanks due to 
dragout. 
2. The percent formaldehyde required for plating of 
the total amount of formaldehyde added averaged 53% 
for the three facilities investigated. 
from 31.6 to 72.3% was observed. 
A range 
3. The atmospheric releases of formaldehyde accounted 
for approximately 25% of the formaldehyde lost for 
operations with a plating solution waste stream. 
Expressed as a percentage of the formaldehyde 
added, atmospheric releases ranged from 1. 74 to 
2.73% with an average of 2.03% for plants 1 and 2. 
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For the third facility without such a waste stream, 
atmospheric -·tosses of formaldehyde accounted for 
approximately 45% of the total losses or an average 
of 1.84% of the formaldehyde added for a range of 
1.79 to 1.89%. 
4. Fugitive losses of formaldehyde were an average of 
2. 8 times that of the stack for the first and 
second facilities with plating solution overflow. 
Fugitive formaldehyde losses ranged from 1.00 to 
2.03% of the total formaldehyde added with an 
average of 1. 45% for plants 1 and 2. Stack 
releases ranged from 0.36 to 0.78% of the 
formaldehyde added with an average of 0.58%. The 
third operation 1 without plating solution waste 1 
had fugitive and stack releases of approximately 
the same magnitude. Fugitive releases ranged from 
0. 84 to 0. 88% of the formaldehyde added with an 
average of 0.86%. Stack releases ranged from 0.91 
to 1.05% of the formaldehyde added with an average 
of 0.98%. 
5. Parasitic formaldehyde consumption was found to 
range from 19.3 to 63.6% of the total formaldehyde 
consumed with an average of 42% during periods of 
production. ~xpressed as a percentage of the 
formaldehyde added, parasitic formaldehyde 
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consumption ranged from 17. 3 to 55. 4% with an 
average of .. 3Y:7% 
6. The rate of parasitic formaldehyde consumption 
during periods of production is approximately 3 
times higher than that during periods of no 
production. 
7. The rate of parasitic formaldehyde consumption 
increases with increasing temperature. This agrees 
with information found in literature [12]. 
In summary, only approximately 10% of the formaldehyde 
added to the plating process is released to the plating 
solution waste stream, rinse tank, and atmosphere. 
Approximately 2% of the formaldehyde added is lost to the 
atmosphere, which includes fugitive and stack releases. 
Lastly, the formaldehyde consumed in parasitic reactions 
accounted for a ·maximum of 55.4% of the total formaldehyde 
added to the plating process. 
CHAPTER VIII 
ENGINEERING SIGNIFICANCE AND RECOMMENDATIONS 
This research provides the electroless copper plating 
industry with an improved estimate of the distribution of 
formaldehyde losses for partial completion of "Form R". The 
data presented in this thesis will also serve as a basis from 
which additional research into the atmospheric releases and 
parasitic consumption of formaldehyde from the electroless 
copper plating process can be continued. 
Mass balance analysis of the three plating operations 
revealed a maximum of 11% of the formaldehyde added is lost 
via a route other than consumption. Further results revealed 
approximately 2% of the formaldehyde added is lost to the 
atmosphere, including fugitive and stack releases. This 
provides industry with an estimate of formaldehyde releases 
based on actual data obtained from three independent plating 
facilities. From this information, the electroless copper 
plating community can report improved estimates of 
formaldehyde releases for partial completion of "Form R" based 
on actual data obtained from plant sampling. 
Analytical results have also shown that as much as 54% of 
the formaldehyde chemically consumed is from parasitic, 
secondary reactions. Continued research into the electroless 
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copper bath composition may be warranted in order to obtain a 
mixture which would ·utilize formaldehyde .more efficiently or 
permit the substitution of a different reducing agent. 
Specific conclusions with regards to the identification 
and rates of parasitic reactions could not be developed with 
the limited data obtained in this study. The data obtained 
concerning parasitic formaldehyde consumption can be used as 
a building block from which future research may be based. 
Future research may incorporate longer study times of 
active and inactive production for a plating bath of constant 
composition. Due to the different compositions and 
temperatures of the plating baths studied, the development of 
generalizations with regards to parasitic reaction rates was 
not possible. A detailed study including the manipulation of 
operating variables such as air agitation, temperature, and 
bath age as well as analysis of formates, methanol, hydroxide, 
complexants, and· stabilizers in addition to formaldehyde and 
copper would be necessary to identify specific parasitic 
reactions and their rates. 
' Additional research into the loss of formaldehyde 
experienced outside of the plating process may be beneficial. 
Prior to the addition of formaldehyde into the plating bath, 
chemical spillage and loss to the atmosphere may occur from 
storage tanks. Similarly, residual chemical remaining in 
storage barrels removed for disposal constitute a release of 
formaldehyde. A study investigating the housekeeping 
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procedures practiced in the industry and the corresponding 
impact with regards -~6~ormaldehyde loss may aid electroless 
copper plating operations in minimizing needless formaldehyde 
waste. 
APPENDICES 
APPENDIX A 
EXPERIMENTAL PROCEDURE 
NIOSH METHOD 3500 
Method: 
Issued: 
Revision #1: 
Formaldehyde 
3500 
2/15/84 _ 
5/15/89 
Formula: H2C=O 
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M.W. = 30.03 
OSHA: 
NIOSH: 
1ppm; STEL 2ppm 
carcinogen; 0.016ppm; 
c 0.1 
Properties: gas; BP -19.5 
Celsius;vapor 
density 1.067 
(air= 1.0); 
explosive 
ACGIH: 1ppm; STEL 2ppm; 
{1ppm = 1.23mgfm3 @ NTP) 
Synonyms: 
SAMPLING 
Sampler: 
Flow Rate: 
Val-Min: 
-Max: 
Shipment: 
range 
7 to 73% V/V 
in air 
methanal; formalin (aqueous 30 to 60% wfv 
HCHO); CAS #50-00-0. 
Filter + Impingers (1-um PTFE membrane and 2 
impingers, each with 20 ml 1% sodium bisulfite 
solution) 
0.2 to 1 L/min 
1 L @ 3ppm 
100 L 
transfer samples to low density polyethylene 
bottles before shipping 
Sample Stability: 30 days @ 25 degrees Celsius 
Field Blanks: 10% of samples 
MEASUREMENT 
Technique: Visible Absorption Spectrometry 
Analyte: formaldehyde 
Sample Workup: note liquid volume; remove 4-ml aliquot 
Color Development: chromotropic acid + sulfuric acid; 
absorbance @ 580 nm 
Calibration: 
Range: 
standard solutions of formaldehyde in 
distilled water 
2 to 40 ug per sample 
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Estimated LOD: 0.5 ug per sample 
Precision(sr): --0 -.03 @ 1 to 20 ug per sample 
ACCURACY 
Range Studied: 1.25 to 7.5 mgjm3 [80-L samples] 
Bias: none identified 
Overall Precision(sr): 0.09 
APPLICABILITY: The working range is 0. 02 to 4ppm ( 0. 025 to 4. 6 
mgjm3) for an 80-L air sample. This is the most sensitive 
formaldehyde method in the NIOSH Manual and is able to measure 
ceiling levels as low as 0.1pprn (15-L sample). It is best 
suited for the determination of formaldehyde in area samples. 
INTERFERENCES Oxidizable organic materials may give a 
positive interference. Phenols, ~n 8-fold excess over 
formaldehyde, produce a -10% to -20% bias. A method for the 
removal of the phenol interference has been reported by Hakes 
et. al. . Ethanol and higher molecular weight alcohols, 
olefins, aromatic hydrocarbons, and cyclohexane also produce 
small negative interferences. Little interference is seen 
from other aldehydes. 
OTHER METHODS This revises Method 3500 (dated 2/15/84). This 
method was originally adapted from the Intersociety Committee 
and designated P&CAM 125. For personal samples or where 
interferences to this method are present, use Method 2541. 
Method 3501 uses collection in a bubbler followed by 
polarography. Ref. [9] is a recent review of formaldehyde 
methods. 
REAGENTS: 
1. Chromotropic acid, 1%. Dilute 0.10g 4,5-dihydroxy-2,7-
naphthalene disulfonic acid disodium salt to 10 ml with 
distilled water. Filter. Store in a brown bottle. 
Prepare fresh weekly. 
2. Sulfuric acid(H2S04), 96%* 
3. Formaldehyde stock solution, 1mgjml (See APPENDIX). 
4. Formalin solution, 37%.* 
5. Distilled, deionized water. 
6. Sodium Bisulfite (NaHS03), 1%. Dissolve 1g in distilled 
water. Dilute to lOOml. Prepare fresh weekly. 
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*SPECIAL PRECAUTIONS: Sulfuric acid is extremely corrosive; 
handle while wearing acid-resistant gloves, apron and full 
face shield with goggles. Formaldehyde is viewed as a 
potential carcinogen and should be handled in a hood. 
EQUIPMENT: 
1. Spectrophotometer, visible, 580nm, with cuvettes, 1-cm. 
2. Volumetric pipettes, 0.1-, 0.5-, 1-, 4-, 5-, 6-, and 10-
ml; 1-, 2-, and 5-ml, graduated in 0.1-ml units, with 
pipet bulb. 
3. Volumetric flasks, 10- and 100-ml, and 1-L. 
4. Burets, 50-ml. 
5. Flasks, glass-stoppered, 25-ml. 
6. Graduated cylinder, 25-ml. 
7. Waterbath at 95 degrees Celsius. 
8. Beaker, 50-ml. 
SAMPLE PREPARATION: 
1. Pipette a 4-ml aliquot from each sample solution into 25-
ml glass-stoppered flasks. 
NOTE: Adjust aliquot size to contain between 2 and 
20 ug formaldehyde for optimum absorbance. The 
calibration graph becomes non-linear above an 
absorbance of ca. 1.0. 
CALIBRATION AND QUALITY CONTROL: 
2. Prepare a calibration stock solution by dilution of 1ml 
of 1 mgfml ·formaldehyde stock solution to 100ml with 1% 
sodium bisulfite solution. 
3. Pipet, e.g. , 0, 0. 1, 0. 3, 0. 5, 0. 7, 1. 0, and 2. Oml 
calibration stock solution into 25ml glass stoppered 
flasks. 
4. Add 1% sodium bisulfite solution to bring the volume of 
each working standard to 4ml. 
5. Analyze together with samples and blanks (steps 7 through 
10) . 
6. Prepare calibration graph (absorbance vs. ug 
formaldehydefml) . 
MEASUREMENT: 
7. Add 0.1ml 1% chromotropic acid to each flask and mix. 
NOTE: This amount of chromotropic acid can react 
with 40ug of formaldehyde. Due to this fact, the 
range of the calibration curve should not exceed 
36ug (90% of theoretical) . 
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8. Add 6ml of H2S04 slowly to the flask. Replace the 
stopper gently. gently swirl the solution to mix. 
CAUTION: Mixing of the sample solution with 
concentrated sulfuric acid is highly exothermic. 
9. Heat the solution to 95 degrees Celsius for 15 MIN. Cool 
the solution to room temperature. 
NOTE: Use caution due to the corrosive nature of 
hot sulfuric acid and the possible pressure buildup 
within the flask. 
10. Read sample absorbance at 580nm in a 1cm cuvette. 
APPENDIX: 
NOTE: If absorbance is greater than the highest 
standard, take a smaller aliquot of the remaining 
unreacted sample solution, dilute to 4ml with 1% 
sodium bisulfite solution, and analyze (steps 7 
through 10). For optimum results, all samples 
containing over 20ug formaldehyde should be diluted 
and reanalyzed. 
PREPARATION OF FORMALDEHYDE STOCK SOLUTION: Dilute 2. 7ml 37% 
aqueous formalin solution to 1 L with distilled, deionized 
water. This solution is stable for at least three months. 
APPENDIX B 
FIELD DATA ANALYTICAL RESULTS 
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Plant 1: Plating Bath Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mg/ 1) (ugf 1) (mg/ l) 
B201 2970 2320 1340 970 
B202 2835 2300 1010 880 
B203 2570 2310 <500 532 
B204 2490 2310 <500 989 
B205 2310 2330 <500 842 
B206A 2020 1980 <500 715 
B206B 2150 2190 610 521 
B208 2960 2730 <500 886 
B209 3400 3330 <500 994 
B210 2980 2130 1860 840 
B211 2510 2920 <500 622 
B212 2150 2620 <500 655 
B213 1550 2320 <500 707 
B214 232·0 2060 <500 529 
B215 2630 2150 <500 392 
B216 2470 2200 <500 636 
B217 2450 2200 <500 429 
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Plant 1: Plating Bath Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mgj 1) (ugjl) (mg/ 1) 
B301 2390 2030 <500 427 
B302 2040 2180 <500 597 
B303 2130 2200 <500 151 
B304 2040 2180 <500 159 
B305 2780 2180 <500 373 
B306 2690 2180 <500 533 
B307 2570 2260 <500 260 
B308 2530 2230 <500 179 
B309 2350 2180 <500 412 
B310 2270 2160 <500 193 
B311 2460 <500 <500 474 
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Plant 2: Plating Bath Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mg/ 1) (ugj 1) (mg/ 1) 
B401 4760 1820 <500 1270 
B402 4750 2040 <500 577 
B403 4850 1880 <500 494 
B404 4200 2010 <500 1180 
B405 4720 1820 <500 930 
B406 4000 1880 <500 1510 
B407 4630 1880 <500 1480 
B408 4440 1850 <500 728 
B409 4390 1910 <500 1590 
B410 4320 1860 <500 1500 
B411 4030 1970 <500 1570 
B412 4530 1920 <500 1370 
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Plant 2: Plating Bath Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mg/ 1) (ugf 1) (mg/ 1) 
B501 4860 1960 <500 1330 
B502 4720 1950 <500 970 
B503 4970 2010 <500 1610 
B504 4970 2000 <500 1720 
B505 4690 1920 <500 1050 
B506 4530 1960 <500 926 
B507 4750 1980 <500 2280 
B508 4470 1880 <500 776 
B509 5030 2030 <500 1600 
B510 4830 1890 <500 964 
B511 4790 1950 <500 1860 
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Plant 3: Plating Bath Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mg/ 1) (ugf 1) (mg/1) 
B601 7130 2540 <500 269 
B602 6580 2500 <500 329 
B603 6650 2480 <500 182 
B604 6530 2440 <500 168 
B605 6310 2430 <500 231 
B606 6460 2410 <500 778 
B607 6220 2400 <500 603 
B608 6090 2420 <500 775 
B609 6170 2340 <500 1020 
B610 6430 2120 <500 1460 
B611 6670 2420 <500 1430 
B612 7370 2010 <500 1370 
B613 7410 2050 <500 1660 
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Plant 3: Plating Bath Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mg/ 1) (ugj 1) (mgj 1) 
B701 6360 2840 <500 810 
B702 6590 2500 <500 825 
B703 6750 2360 <500 714 
B704 7620 2570 <500 971 
B705 7040 2270 <500 749 
B706 7250 2420 <500 796 
B707 6840 2420 <500 935 
B708 7460 2470 <500 1090 
B709 7080 2090 <500 1040 
B710 7460 2590 <500 950 
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Plant 1: Rinse Water Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/1) (mg/ 1) (ugf 1) (mg/ 1) 
R201 13.9 0.264 N/A <0.80 
R202 13.7 2.32 N/A 18.5 
R203 9.42 4.32 N/A 22.3 
R204 6.22 5.20 N/A <0.80 
R205 7.87 11.0 N/A 25.0 
R206 6.49 7.76 N/A 31.8 
R207 3.94 4.64 N/A 12.5 
Plant 1: Rinse Water Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/1) (mg/ 1) (ug/1) (mg/ 1) 
R301 4.80 0.434 N/A N/A 
R302 4.54 3.37 N/A N/A 
R303 4.01 3.82 N/A N/A 
R304A 2.65 3.12 N/A N/A 
R304B 2.97 2.72 N/A N/A 
R305 3.61 5.06 N/A N/A 
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Plant 2: Rinse Water Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mg/ 1) (ugf 1) (mg/ 1) 
R401 23.1 20.6 <50 10.5 
R402 18.5 17.7 <50 <1.0 
R403 40.9 44.1 <50 7.60 
R404 49.8 43.5 <50 18.9 
R405 48.7 47.3 <50 11.2 
R406 45.7 45.0 <50 14.8 
Plant 2: Rinse Water Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mgfl) (mg/ 1) (ugf 1) (mg/ 1) 
R501 35.7 35.4 N/A N/A 
R502 43.0 34.8 N/A N/A 
R503 30.4 40.0 N/A N/A 
R504 32.6 78.6 N/A N/A 
R505 30.0 3.84 N/A N/A 
R506 48.9 3.86 N/A N/A 
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Plant 3: Rinse Water Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mg/ 1) (ugj 1) (mgj 1) 
R601 21.1 6.80 N/A 9.68 
R602 21.1 6.80 N/A 5.20 
R603 21.6 6.64 N/A 7.92 
R604 21.9 6.56 N/A 5.60 
R605 2.53 0.96 N/A <0.80 
R606 5.76 2.00 N/A <0.80 
R607 7.79 2.00 N/A <0.80 
Plant 3: Rinse Water Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mgj 1) (mg/ 1) (ugj 1) (mg/ 1) 
R701 1.63 0.584 N/A N/A 
R702 10.1 3.10 N/A N/A 
R703 12.5 3.49 N/A N/A 
R704 4.52 1.44 N/A N/A 
R705 11.5 3.90 N/A N/A 
R706 10.4 3.65 N/A N/A 
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Plant 1: Fugitive Sample Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mgf 1) (mg/ 1) (ugf 1) (mg/ l) 
F221 0.0500 0.0340 N/A N/A 
F222 0.383 0.0313 N/A N/A 
F223 0.0218 0.0238 N/A N/A 
F224 BDL 0.0305 N/A N/A 
F231 0.0333 0.0248 N/A N/A 
F232 0.0338 0.0353 N/A N/A 
F233 0.0254 0.0288 N/A N/A 
F234 BDL 0.0303 N/A N/A 
F241 0.102 0.0400 <5 0.733 
F242 BDL 0.0300 <5 1.48 
F243 0.0194 0.0300 <5 2.0 
F244 0.0681 0.0300 <5 <0.1 
F251 0.0318 0.0345 N/A N/A 
F252 0.0835 0.0354 N/A N/A 
F253 0.0218 0.0312 N/A N/A 
F254 BDL 0.0332 N/A N/A 
BDL = Below Detection Limit {<0.019 mgfl) 
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Plant 1: Fugitive Sample Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (ug/1) (ugj 1) (mg/ 1) 
F321 0.0307 0.0436 N/A N/A 
F322 BDL 0.0442 N/A N/A 
F323 BDL 0.0166 N/A N/A 
F324 BDL 0.0286 N/A N/A 
F331 BDL 0.0340 N/A N/A 
F332 0.0267 0.0231 N/A N/A 
F333 BDL 0.0388 N/A N/A 
F334 BDL 0.0360 N/A N/A 
F341 0.0417 0.0329 N/A N/A 
F342 0.0217 0.0237 N/A N/A 
F343 BDL 0.0270 N/A N/A 
F344 BDL 0.0239 N/A N/A 
F351 0.0297 0.0304 N/A N/A 
F352 0.0217 0.0271 N/A N/A 
F353 BDL 0.0149 N/A N/A 
F354 BDL 0.0151 N/A N/A 
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Plant 2: Fugitive Sample Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mg/ 1) (ugj 1) (mg/ 1) 
F421 0.0351 0.0314 N/A N/A 
F422 0.0310 0.0349 N/A N/A 
F423 BDL 0.0251 N/A N/A 
F424 BDL 0.0248 N/A N/A 
F431 0.0287 0.0270 N/A N/A 
F432 BDL 0.0366 N/A N/A 
F433 0.0230 0.0355 N/A N/A 
F434 BDL 0.0215 N/A N/A 
F441 0.0457 0.0280 <5 <0.1 
F442 BDL 0.0260 <5 <0.1 
F443 BDL 0.0270 <5 <0.1 
F444 BDL 0.0250 <5 <0.1 
F451 BDL 0.0483 N/A N/A 
F452 BDL 0.0435 N/A N/A 
F453 BDL 0.0420 N/A N/A 
F454 BDL 0.0246 N/A N/A 
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Plant 2: Fugitive Sample Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mg/ 1) (ugf 1) (mg/ 1) 
F521 0.0635 0.0266 N/A N/A 
F522 BDL 0.0226 N/A N/A 
F523 0.0223 0.0233 N/A N/A 
F524 BDL 0.0267 N/A N/A 
F531 BDL 0.0314 N/A N/A 
F532 BDL 0.0295 N/A N/A 
F533 BDL 0.0256 N/A N/A 
F534 BDL 0.0350 N/A N/A 
F541 0.0654 0.0412 N/A N/A 
F542 BDL 0.0362 N/A N/A 
F543 BDL 0.0411 N/A N/A 
F544 BDL 0.0284 N/A N/A 
F551 BDL 0.0393 N/A N/A 
F552 BDL 0.0357 N/A N/A 
F553 BDL 0.0354 N/A N/A 
F554 BDL 0.0313 N/A N/A 
121 
Plant 3: Fugitive Sample Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mg/ 1) (ugj l) (mg/ 1) 
F621 0.139 0.0300 N/A 1.58 
F622 BDL 0.0340 N/A <0.1 
F623 0.0207 0.0350 N/A <0.1 
F624 BDL 0.0280 N/A <0.1 
F631 0.0719 0.0269 N/A N/A 
F632 0.0405 0.0235 N/A N/A 
F633 0.0207 0.0505 N/A N/A 
F634 0.0246 0.0371 N/A N/A 
F641 0.122 0.0247 N/A N/A 
F642 0.0203 0.0273 N/A N/A 
F643 BDL 0.0242 N/A N/A 
F644 BDL 0.0205 N/A N/A 
F651 0.196 0.0265 N/A N/A 
F652 0.0281 0.0290 N/A N/A 
F653 0.0594 0.0312 N/A N/A 
1F654 BDL 0.0232 N/A N/A 
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Plant 3: Fugitive Sample Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mg/ 1) (ugjl) (mg/ 1) 
F721 0.0714 0.0182 N/A N/A 
F722 0.0222 0.0274 N/A N/A 
F723 0.0386 0.0258 N/A N/A 
F724 0.0263 0.0246 N/A N/A 
F731 0.108 0.0293 N/A N/A 
F732 BDL 0.0245 N/A N/A 
F733 BDL 0.0287 N/A N/A 
F734 BDL 0.0233 N/A N/A 
F741 0.0689 0.0266 N/A N/A 
F742 0.0320 0.0261 N/A N/A 
F743 BDL 0.0286 N/A N/A 
F744 BDL 0.0273 N/A N/A 
F751 0.0689 0.0148 N/A N/A 
F752 BDL 0.0251 N/A N/A 
F753 0.0197 0.0200 N/A N/A 
F754 BDL 0.0256 N/A N/A 
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Plant · 1: Stack Sample Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ l) (mg/ l) (ugf l) (mg/ l) 
S2101 0.742 0.0355 N/A N/A 
S2102 BDL 0.0307 N/A N/A 
S2103 BDL 0.0256 N/A N/A 
S2104 0.0218 0.0386 N/A N/A 
S2201 0.590 0.0500 <5 3.76 
S2202 BDL 0.0300 <5 <0.1 
S2203 BDL 0.0300 <5 <0.1 
S2204 BDL 0.0300 <5 <0.1 
S2301 0.654 0.0372 N/A N/A 
S2302 BDL 0.0210 N/A N/A 
S2303 BDL 0.0228 N/A N/A 
Plant 1: Stack Sample Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ l) (mg/ l) (ugf l) (mg/ l) 
S311 0.732 0.0460 N/A N/A 
S312 BDL 0.0240 N/A N/A 
S313 BDL 0.0189 N/A N/A 
S314 BDL 0.0442 N/A N/A 
S321 0.495 0.0373 N/A N/A 
S322 BDL 0.0365 N/A N/A 
S323 BDL 0.0197 N/A N/A 
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Plant 2: Stack Sample Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mgj l) (mgj l) (ugj l) (mgj l) 
S411 1.54 0.0360 <5 5.13 
S412 BDL 0.0180 <5 <0.1 
S413 BDL 0.0180 <5 <0.1 
S414 BDL 0.0190 <5 <0.1 
S421 1.28 0.0349 N/A N/A 
S422 BDL 0.0400 N/A N/A 
S423 BDL 0.0373 N/A N/A 
S431 0.874 0.0303 N/A N/A 
S432 BDL 0.0340 N/A N/A 
S433 BDL 0.0330 N/A N/A 
Plant 2: Stack Sample Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ l) (mg/ l) (ugj l) (mg/ l) 
S511 0.602 0.0460 N/A N/A 
S512 BDL 0.0449 N/A N/A 
S513 BDL 0.0484 N/A N/A 
S514 BDL 0.0340 N/A N/A 
S521 0.629 0.0362 N/A N/A 
S522 BDL 0.0403 N/A N/A 
S523 BDL 0.0365 N/A N/A 
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Plant 3: Stack Sample Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mgf 1) (ugf 1) (mgf 1) 
S611 0.615 0.0392 N/A N/A 
S612 0.0405 0.0245 N/A N/A 
S613 BDL 0.0279 N/A N/A 
S614 BDL 0.0366 N/A N/A 
S621 1.58 0.0380 N/A 3.18 
S622 BDL 0.0270 N/A <0.1 
S623 BDL 0.0280 N/A <0.1 
Plant 3: Stack Sample Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION · COPPER METHANOL ACID 
ID (mgf 1) (mgf 1) (ugfl) (mg/ 1) 
S711 1.69 0.0122 N/A N/A 
S712 0.0263 0.0416 N/A N/A 
,S713 0.0222 0.0251 N/A N/A 
S714 0.0263 0.0303 N/A N/A 
S721 1.46 0.0305 N/A N/A 
S722 BDL 0.0270 N/A N/A 
S723 BDL 0.0359 N/A N/A 
126 
Plant 1: Field Blank Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/1) (mg/1) (ugf 1) (mg/ l) 
I FB201 I BDL I 0.030 I <5 I 2.66 I 
Plant 2: Field Blank Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/ 1) (mg/1) (ug/ 1) (mg/ 1) 
I FB401 I BDL I 0.0180 I <5 I <0.1 I 
Plant 3: Field Blank Analysis 
AVERAGE FORMALDEHYDE FORMIC 
SAMPLE CONCENTRATION COPPER METHANOL ACID 
ID (mg/1) (mg I 1) (ugfl) (mg/1) 
~ FB601 I BDL I 0.0210 I N/A I <0.1 I 
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Copper Quality Assurance Results (8/3/92) 
SPIKE SPIKE % DUP. DUP. 
MATRIX NUMBER RECOVERY RESULT 1 RESULT 2 RPD 
26 - 0.257 0.259 <1 
34 101 0.292 0.318 8 
23 105 0.692 0.709 2 
Copper 10 - 31.3 31 1 
36 87.2 21.8 21.8 <1 
45 90.3 22.7 22.7 <1 
1 - 13.4 10.8 21 
3 105 <5 <5 <1 
12/20 87.5 <5 <5 <1 
Methanol 27/30 88 <5 <5 <1 
33/39 120 <5 <5 <1 
45 80 <5 <5 <1 
3/10 92 7.94 8.9 8.2 
Formic 11,21 95 2.71 2.79 3 
Acid 22/32 121 <0.1 <0.1 <1 
44/43 88.6 4.12 4.73 13.7 
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Copper Quality Assurance Results (8/18/92) 
SPIKE SPIKE 9..-0 DUP. DUP. 
MATRIX NUMBER RECOVERY RESULT 1 RESULT 2 RPD 
27 98 19.3 18.9 2.1 
18 89 4550 4460 2 
Copper 10 101 18.5 18.7 1.1 
35 99 18.5 18.7 1.1 
10,1 120 <5 <5 <1 
12,11 110 <5 <5 <1 
21/19 82.5 <5 <5 <1 Methanol 
30/32 82 <5 · <5 <1 
36/39 130 <5 <5 <1 
2,8 84.3 6.7 7.3 8.5 
Formic 13/19 61.5 <0.1 <0.1 <1 
Acid 23/28 121 9 9.7 7.5 
35/39 109 15.8 19.4 20 
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Copper Quality Assurance Results (8/25/92) 
SPIKE SPIKE % DUP. DUP. 
MATRIX NUMBER RECOVERY RESULT 1 RESULT 2 RPD 
28 - 28 27 3.6 
20 114 249 260 4.3 
Copper 10 104 21.3 21.2 <1 
35 87 22.9 25.4 10 
38 104 25.4 25.7 1.2 
9,1 85 <5 <5 <1 
Methanol 20/21 115 <5 <5 <1 
30/29 103 <5 <5 <1 
36/37 102 <5 <5 <1 
1,10 98 16.5 13.1 23 
Formic 18/21 85 <0.1 <0.1 <1 
Acid 23/30 75 8.36 8.25 1.3 
33/38 103 10.3 8.6 16.5 
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copper Quality Assurance Results (1/5/93) 
SPIKE SPIKE % DUP. DUP. 
MATRIX NUMBER RECOVERY RESULT 1 RESULT 2 RPD 
3/108 87 25.6 29.2 13 
127/1 105 50.7 41.3 20.4 
107/33 105 29.9 31.4 4.9 
113/135 75 77 69 11 
71/124 126 434 407 6.4 
40/82 127 26.2 27 3 
Copper 59/89 107 33.3 36.6 9.4 
103/42 98 31.·8 36.2 12.9 
99/138 77 178 182 2.2 
74/136 78 373 402 7.5 
52/62 85 33.9 31.9 6.1 
11/46 97.5 25 24.5 2 
20/106 77.3 36.3 26 33 
36/91 79.5 35.8 36.5 1.9 
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APPENDIX C 
FORMALDEHYDE MASS BALANCE ANALYSIS 
TIME OF PLATING BATH 
SAMPLE SAMPLE 
COLLECTION ID 
10.50 B205 
11.50 B206B -
12.67 B209 
13.50 B211 
14.50 B213 
15.50 B215 
16.50 B217 
PLANT 1: FORMALDEHYDE MASS BALANCE 
ACTIVE PRODUTION (AP) 
DAY 1: JULY 15, 1992 
*LIQUID LEVEL DEPTH FROM UNDER TOP LIP (inches) 
PLATING BATH 
FORMALDEHYDE CUPOSIT(R) Y CUPOSIT Z CUPOS IT 251M CONCENTRATION FORMALDEHYDE CAUSTIC EDTA lrna/1) 
2300 24.75 26.00 10.50 
2150 25.38 27.50 10.62 
3400 27.00 29.50 10.75 
2510 27.00 29.50 10.75 
1550 27.00 29.50 10.75 
2630 28.00 30.75 10.75 
2450 28.00 31.00 10.75 
CUPOS IT 251 R 
COPPER 
4.75 . 
6.88 . 
I 
10.62 
10.62 
10.62 
11.12 
11.88 
f-1 
w 
tv 
PLANT 1 DAY 1 (AP) CONT. 
TIME OF TIME INCREMENT FORMALDEHYDE CAUSTIC 
SAMPLE BETWEEN VOLUME VOLUME 
COLLECTION SAMPLES (hr) ADDED (l) ADDED (l) 
10.50 
11.50 1.00 4.546 10.91 
12.67 1.17 11.82 14.55 
13.50 0.83 0.0000 0.0000 
14.50 1.00 0.0000 0.0000 
15.50 1.00 7.273 9.091 
16.50 1.00 0.0000 1.818 
EDTA 
VOLUME 
ADDED (l) 
0.9091 
0.9091 
0.0000 
0.0000 
0.0000 
0.0000 
COPPER 
VOLUME 
ADDED (l) 
15.45 
27.27 
0.0000 
0.0000 
3.636 
5.455 
~ 
\ 
1-' 
w 
w 
PLANT 1 DAY 1 CAP) CONT. 
------ - ---- ------ -------
TIME OF FORMALDEHYDE CAUSTIC 
SAMPLE FLOW FLOW 
COLLECTION RATE Cl/hr) RATE (l/hr) 
10.50 
11.50 4.55 10.9 
12.67 10.1 12.5 
13.50 0.000 0.000 
14.50 0.000 0.000 
15.50 7.27 9.09 
16.50 0.000 1.82 
EDTA 
FLOW 
RATE (l/hr) 
0.909 
o.n9 
0.000 
0.000 
0.000 
0.000 
COPPER 
FLOW 
RATE (l/hr) 
15.5 
23.4 
0.000 
0.000 
3.64 
5.45 
f-' 
w 
~ 
--
RINSE BATH 
TIME OF RINSE BATH FORMALDEHYDE 
SAMPLE SAMPLE CONCENTRATION 
COLLECTION ID (mg/l) 
10.50 R201 13.88 
11.50 R202 13.72 
12.67 R203 9.418 
13.50 R204 6.224 
14.50 R205 7.871 
15.50 R206 6.493 
16.50 R207 3.938 
PLANT 1 DAY 1 (AP) CONT. 
RINSE BATH FUGITIVE 
FLO\ol RATE EMISSION 
(l/hr) (g/hr) 
454 14.92 
454 14.92 
454 14.92 
454 14.92 
454 14.92 
454 14.92 
STACK 
EMISSION 
(g/hr) 
4.720 
4.720 
4.720 
5.190 
5.190 
5.190 
PLATING FLO\ol 
RATE EXITING 
( l/hr) 
31.8 
46.7 
0.000 
0.000 
20.0 
7.27 
J-> 
w 
lJ1 
PLANT 1 DAY 1 (AP) CONT. 
PLATING BATH 
TIME OF TIME INCREMENT FORMALDEHYDE HCHO 
SAMPLE BETWEEN ACCUMULATION ADDITIONS 
COLLECTION SAMPLES (hr) (mg) (mg) 
I 
I 
I 
10.50 
11.50 1.00 -137400 1227000 
12.67 1.17 1130000 3191000 
13.50 0.83 -809200 0.0000 
14.50 1.00 -867300 0.0000 
15.50 1.00 980500 1964000 
16.50 1.00 -164300 0.0000 
TOTAL 6.00 132000 6382000 
RINSE WATER 
RINSE WATER FORMALDEHYDE 
HCHO ACCUMULATION 
(mg) (mg) 
6270 -61.24 
6133 -1629 
2959 -1209 
3201 623.4 
3262 -521.6 
2369 -966.9 
24200 -3764 
TOTAL 
RINSE WATER 
HCHO 
(mg) 
6209 
4504 . 
1751 . 
I 
3825 
2741 
1402 
20430 
1-' 
w 
0'1 
PLANT 1 DAY 1 (AP) CONT. 
TIME OF FUGITIVE STACK 
i SAMPLE FORMALDEHYDE FORMALDEHYDE 
COLLECTION (mg) (mg) 
10.50 
11.50 14920 4720 
12.67 17410 5508 
13.50 12430 3932 
14.50 14920 5190 
15.50 14920 5190 
16.50 14920 5190 
I TOTAL I 89520 I 29730 I 
PLATING BATH 
EXITING 
FORMALDEHYDE 
(mg) 
70940 
151400 
0.0000 
0.0000 
41840 
18480 
282700 I 
FORMALDEHYDE 
CONSUMED 
(mg) 
1268000 
1882000 
791100 
843400 
918500 
124400 
5827000 I 
f-1 
w 
-....] 
-PLANT 1: FORMALDEHYDE MASS BALANCE 
NO PLATING ACTIVITY (NP) 
DAY 1: JULY 15, 1992 
PLATING BATH 
TIME OF PLATING BATH FORMALDEHYDE *LIQUID LEVEL DEPTH FROM UNDER TOP LIP (inches) 
SAMPLE SAMPLE CONCENTRATION 
COLLECTION ID (mg/l) CUP OS IT ( R) Y CUPOSIT Z CUP OS IT 251 H CUP OS IT 251 R 
FORMALDEHYDE CAUSTIC EDTA COPPER 
8.50 B201 2970 24.75 25.25 10.50 4. 750 
9.00 8202 2840 24.75 25.25 10.50 4. 750 
9.50 8203 2570 24.75 25.25 10.50 4.750 I 
10.00 B204 2490 24.75 25.25 10.50 4.750 
--- - -
TIME OF Tl ME INCREMENT FORMALDEHYDE CAUSTIC EDTA COPPER 
SAMPLE BETWEEN VOLUME VOLUME VOLUME VOLUME 
COLLECTION SAMPLES (hr) ADDED (l) ADDED (l) ADDED (l) ADDED (l) 
8.50 
9.00 0.50 0.0000 0.0000 0.0000 0.0000 
9.50 0.50 0.0000 0.0000 0.0000 0.0000 
10.00 0.50 0.0000 0.0000 0.0000 0.0000 
...... 
w 
00 
PLANT 1 DAY 1 (NP) CONT. 
TIME OF FORMALDEHYDE CAUSTIC 
SAMPLE FLOW FLOW 
COLLECTION RATE ( l/hr) RATE Cl/hr) 
8.50 
9.00 0.0000 0.0000 
9.50 0.0000 0.0000 
10.00 0.0000 0.0000 
TIME OF FUGITIVE STACK 
SAMPLE EMISSION EMISSION 
COLLECTION (g/hr) (g/hr) 
8.50 
9.00 14.92 6.010 
9.50 14.92 6.010 
10.00 14.92 6.010 
EDTA COPPER 
FLOW FLOW 
RATE (l/hr) RATE Cl/hr) 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
PLATING FLOW 
RATE EXITING 
(l/hr) 
0.0000 
0.0000 
0.0000 
r-> 
w 
1.0 
-- -- ----
TIME INCREMENT 
BETWEEN PLATING BATH 
TIME OF SAMPLES FORMALDEHYDE 
SAMPLE (hr) ACCUMULATION 
COLLECTION (mg) 
8.50 
9.00 0.50 -119700 
9.50 0.50 -236600 
10.00 0.50 -76340 
TOTAL 1.50 -432700 
PLANT 1 DAY 1 (NP) CONT. 
HCHO FUGITIVE STACK 
ADDITIONS HCHO HCHO 
(mg) (mg) (mg) 
0.0000 7460 3005 
0.0000 7460 3005 
0.0000 7460 3005 
0.0000 22380 9015 
PLATING BATH 
EXITING 
HCHO 
(mg) 
0.0000 
0.0000 
0.0000 
0.0000 
HCHO 
CONSUMED 
(mg) 
109200 
226200 
65870 
401300 
~ 
\ 
I-> 
~ 
0 
-TIME OF PLATING BATH 
SAMPLE SAMPLE 
COLLECTION ID 
9.42 B301 
10.50 B303 
11.50 B305 
13.50 B309 
14.50 B311 
--- ---· --
PLANT 1: FORMALDEHYDE MASS BALANCE 
ACTIVE PRODUCTION (AP) 
DAY 2: JULY 16, 1992 
PLATING BATH 
FORMALDEHYDE LIQUID LEVEL DEPTH FROM UNDER TOP LIP (inches) 
CONCENTRATION 
(mg/l) CUPOSIT(R) Y CUPOSIT Z CUPOS IT 251M CUP OS IT 251 R 
FORMALDEHYDE CAUSTIC EDTA COPPER 
2390 30.00 33.25 10.75 13.88 
2130 31.00 34.75 11.75 17.25 
2780 31.75 35.75 12.25 18.62 
2350 33.00 37.38 13.62 21.25 
2460 33.50 37.62 14.00 22.25 
' 
f-1 
,f:> 
f-1 
---
--
TIME OF TIME INCREMENT 
SAMPLE BETWEEN 
COLLECTION SAMPLES (hr) 
9.42 
10.50 1.08 
11.50 1.00 
13.50 2.00 
14.50 1.00 
I 
TIME OF FORMALDEHYDE 
SAMPLE FLO\ol 
COLLECTION RATE (l/hr) 
9.42 
10.50 6.715 
11.50 5.454 
13.50 4.546 
14.50 3.636 
PLANT 1 DAY 2 (AP) CONT. 
FORMALDEHYDE CAUSTIC 
VOLUME VOLUME 
ADDED (l) ADDED (l) 
7.273 10.91 
5.454 7.273 
9.091 11.82 
3.636 1.818 
CAUSTIC 
FLQ\.1 
RATE (l/hr) 
10.07 
7.273 
5.909 
1.818 
EDTA 
VOLUME 
ADDED (l) 
7.273 
3.636 
10.00 
2.727 
EDTA 
FLQ\.1 
RATE (l/hr) 
6.715 
3.636 
5.000 
2.727 
COPPER 
VOLUME 
ADDED (l) 
24.55 
10.00 
19.09 
7.273 
COPPER 
FLQ\.1 
RATE (l/hr) 
22.66 
10.00 
9.546 
7.273 
1-> 
,j::. 
N 
PLANT 1 DAY 2 (AP) CONT. 
RINSE BATH 
TIME OF RINSE BATH FORMALDEHYDE RINSE BATH 
SAMPLE SAMPLE CONCENTRATION FLOW RATE 
COLLECTION ID (mg/l) (l/hr) 
9.42 R301 4.80 
10.50 R302 4.54 454 
11.50 R303 4.01 454 
13.50 R304 2.81 454 
14.50 R305 3.61 454 
FUGITIVE STACK 
EMISSION EMISSION 
(g/hr) (g/hr) 
18.71 5.88 
18.71 5.88 
18.71 4.07 
18.71 4.07 
PLATING FLOW 
RATE EXITING 
(l/hr) 
46.2 
26.4 
25.0 
15.5 
~ 
' 
I-' 
~ 
w 
PLANT 1 DAY 2 CAP) CONT. 
- ---
PLATING BATH 
TIME OF TIME INCREMENT FORMALDEHYDE HCHO 
SAMPLE BETWEEN ACCUMULATION ADDITIONS 
COLLECTION SAMPLES (hr) (mg) (mg) 
9.42 
10.50 1.08 -230300 1964000 
11.50 1.00 590500 1473000 
13.50 2.00 -393700 2455000 
14.50 1.00 102100 981800 
I TOTAL I 5.08 I 68570 I 6873000 I 
RINSE RINSE WATER 
WATER FORMALDEHYDE 
HCHO ACCUMULATION 
(mg) (mg) 
2298 -100.2 
1941 -199.9 
3096 -455.7 
1457 303.7 
8792 I -452.0 
TOTAL 
RINSE 
WATER 
HCHO 
(mg) 
2197 
1741 
2640 
1761 
I 8340 I 
~ 
~ 
~ 
PLANT 1 DAY 2 CAP) CONT. 
- ·· - - ---
TIME OF FUGITIVE STACK 
SAMPLE FORMALDEHYDE FORMALDEHYDE 
COLLECTION (mg) (mg) 
9.42 
10.50 20260 6368 
11.50 18710 5880 
13 .50 37420 8140 
14.50 18710 4070 
I TOTAL I 95100 I 24460 I 
PLATING BATH 
EXITING 
FORMALDEHYDE 
(mg) 
113000 
64810 
128300 
37190 
343300 I 
FORMALDEHYDE 
CONSUMED 
(mg) 
2052000 
791100 
2672000 
818000 
6333000 I 
~ 
~ 
U1 
LEFT 
TIME OF LEFT PLATING BATH 
SAMPLE SAMPLE 
COLLECTION ID 
11.50 B402 
12.42 B404 
14.08 B406 
15.00 B408 
16.00 B410 
17.00 B412 
LEFT 
PLATING 
BATH 
HCHO 
CONC. 
(mg/l) 
4750 
4200 
4000 
4440 
4320 
4530 
PLANT 2: FORMALDEHYDE MASS BALANCE 
ACTIVE PRODUCTION CAP) 
DAY 1: JULY 21, 1992 
Average Formaldhyde 
Concentration To 
Match The Time Interval 
Of The Right Side Tank 
(mg/l) 
4750 
4470 
4100 
4220 
4380 
4420 
RIGHT 
TIME OF RIGHT PLATING BATH 
SAMPLE SAMPLE 
COLLECTION ID 
11.00 B401 
12.00 B403 
13.50 B405 
14.50 B407 
15.58 B409 
16.50 B411 
RIGHT 
PLATING BATH 
HCHO 
CONC. 
(mg/l) 
4760 
' 
' 
4850 : 
4720 
4630 
4390 
4030 
I-> 
~ 
0\ 
TIME OF 
SAMPLE 
COLLECTION CUPOSIT Y 
FORMALDEHYDE 
11.00 27.00 
12.00 26.75 
13.50 25.88 
14.50 25.00 
15.58 24.50 
16.50 23.75 
PLANT 2 DAY 1 (AP) CONT. 
*LIQUID LEVEL DEPTH FROM BOTTOM OF TANK (inches) 
3350A 3350C 
CuS04 NaCl 
18.62 32.75 
16.75 31.62 
32.55 28.75 
29.75 26.50 
27.25 25.00 
24.75 23.25 
3350R 
EDTA 
32.75 
32.44 
31.25 
30.12 
29.50 
28.25 
f-' 
~ 
-..,J 
PLANT 2 DAY 1 (AP) CONT. 
CUPOSIT Y 3350A 
TIME OF TIME INCREMENT FORMALDEHYDE CuS04 
SAMPLE BETWEEN VOLUME VOLUME 
COLLECTION · SAMPLES (hr) ADDED (l) ADDED (l) 
11.00 
12.00 1.00 1.577 11.83 
13.50 1.50 5.520 15.48 
14.50 1.00 5.520 17.64 
15.58 1.08 3.154 15.77 
16.50 0.92 4.732 15.77 
3350C 
NaCl 
VOLUME 
ADDED (l) 
7.098 
18.14 
14.20 
9.464 
11.04 
3350R 
EDTA 
VOLUME 
ADDED (l) 
1.972 
7.492 
7.098 
3.943 
7.886 
...... 
~ 
00 
PLANT 2 DAY 1 CAP) CONT. 
CUPOSIT Y 3350A 
TIME OF FORMALDEHYDE CuS04 
SAMPLE FLOW FLOW 
COLLECTION RATE (l/hr) RATE (l/hr) 
11.00 
12.00 1.58 11.8 
13.50 3.68 10.3 
14.50 5.52 17.6 
15.58 2.91 14.6 
16.50 5.16 17.2 
3350C 
NaCl 
FLOW 
RATE (l/hr) 
7.10 
12.1 
14.2 
8.74 
12.0 
3350R 
EDTA 
FLOW 
RATE (l/hr) 
1.97 
4.99 
7.10 
3.64 
8.60 
1-' 
~ 
~ 
RINSE RINSE BATH 
TIME OF BATH FORMALDEHYDE 
SAMPLE SAMPLE CONCENTRATION 
COLLECTION ID {mg/l) 
I 
I 
I 
i 
11.00 R401 23.1 
12.00 R402 18.5 
13.50 R403 40.9 
14.50 R404 49.8 
15.58 R405 48.7 
16.50 R406 45.7 
PLANT 2 DAY 1 {AP) CONT. 
RINSE 
VOLUME 
NUMBER PER FUGITIVE 
OF INTERVAL EMISSION 
RINSE CYCLES { l) {g/hr) 
3 61.68 20.88 
5 102.8 20.88 
2 41.12 20.88 
4 82.24 20.88 
2 41.12 20.88 
STACK 
EMISSION 
{g/hr) 
18.34 
18.34 
14.32 
14.32 
14.32 
PLATING FLOW 
RATE 
EXITING 
(l/hr) 
22.5 
~ 
31.1 
' 
44.5 \ 
29.9 
43.0 
I-> 
01 
0 
PLANT 2 DAY 1 (AP) CONT. 
-- - - -- -
LEFT RIGHT 
PLATING BATH PLATING BATH 
TIME OF TIME HCHO HCHO HCHO 
SAMPLE BETWEEN ACCUM. ACCUM. ADDS 
COLLECTION SAMPLES (hr) (mg) (mg) (mg) 
11.00 
12.00 1.00 -185300 57200 1337000 
13.50 1.50 -252000 -86170 2683000 
14.50 1.00 81620 -59340 2849000 
15.58 1.08 106800 -166100 2066000 
16.50 0.92 29670 -237400 2492000 
TOTAL 5.50 -219300 -491800 11430000 
RINSE 
WATER FUGI. STK. 
HCHO HCHO HCHO 
(mg) (mg) (mg) 
1284 20880 18340 
3052 31320 27510 
1862 20880 14320 
4050 22610 15510 
1941 19150 13130 
12190 114800 88810 
EXIT. 
HCHO 
(mg) 
105800 
211500 
196400 
142400 
169700 
825800 
HCHO 
CNSMD 
(g) 
' 
1318 
274t 
2593 1 
1940 
2495 
11100 
~ 
l11 
~ 
LEFT 
TIME OF PLATING BATH 
LEFT SAMPLE SAMPLE 
COLLECTION ID 
9.50 B501 
10.50 B503 
11.50 B505 
12.50 B507 
14.50 B509 
15.50 B511 
LEFT 
PLANT 2: FORMALDEHYDE MASS BALANCE 
ACTIVE PRODUCTION (AP) 
DAY 2: JULY 22, 1992 
- ·-- ---
PLATING BATH *LIQUID LEVEL DEPTH FROM BOTTOM OF TANK (inches) 
FORMALDEHYDE 
CONCENTRATION CUPOSIT Y 3350A 3350C 
(mg/l) FORMALDEHYDE CuS04 NaCl 
4860 27.00 18.50 22.50 
4970 26.75 17.00 21.62 
4690 26.50 15.50 20.50 
4750 26.00 14.12 19.50 
5030 25.50 11 . 12 17.50 
4790 25.12 32.00 32.25 
3350R 
EDTA 
17.62 
17.12 
16.75 
16.25 
15.25 
33.79 
: 
I 
1-' 
l11 
N 
PLANT 2 DAY 2 (AP) CONT. 
CUPOSIT Y 3350A 
TIME OF TIME INCREMENT FORMALDEHYDE CuS04 
SAMPLE BETWEEN VOLUME VOLUME 
I COLLECTION SAMPLES (hr) ADDED (l) ADDED (l) 
! 
9.50 
' I 10.50 1.00 1.577 9.464 
11.50 1.00 1.577 9.464 
12.50 1.00 3.154 8.675 
14.50 2.00 3.154 18.93 
15.50 1.00 2.366 6.178 
3350C 
NaCl 
VOLUME 
ADDED (l) 
5.520 
7.098 
6.309 
12.62 
5.389 
3350R 
EDTA 
VOLUME 
ADDED (l) 
3.154 
2.366 
3.154 
6.309 
4.994 
' 
' 
' 
1-1 
Ln 
w 
~ 
CUPOSIT Y 
TIME OF FORMALDEHYDE 
SAMPLE FLO\J 
COLLECTION RATE (l/hr) 
9.50 
10.50 1.58 
I 11.50 1.58 
I 12.50 3.15 
14.50 1.58 
15.50 2.37 
PLANT 2 DAY 2 (AP) CONT. 
3350A 
CuS04 
FLO\J 
RATE (l/hr) 
9.46 
9.46 
8.67 
9.46 
6.18 
3350C 
NaCl 
FLO\J 
RATE (l/hr) 
5.52 
7.10 
6.31 
6.31 
5.39 
3350R 
EDTA 
FLOW 
RATE (l/hr) 
3.15 
2.37 
3.15 
3.15 
4.99 
t-» 
lTI 
.;:.. 
PLANT 2 DAY 2 (AP) CONT. 
------
RINSE BATH RINSE VOLUME 
TIME OF RINSE BATH FORMALDEHYDE NUMBER OF PER 
SAMPLE SAMPLE CONCENTRATION RINSE INTERVAL 
I COLLECTION ID (mg/l) CYCLES ( l) 
I 
I 
9.50 R501 35.7 
10.50 R502 43.0 3 61.68 
11.50 R503 30.4 3 61.68 
12.50 R504 32.6 3 61.68 
14.50 R505 30.0 6 123.4 
15.50 R506 48.9 3 61.68 
FUGITIVE 
EMISSION 
(g/hr) 
24.53 
24.53 
24.53 
24.53 
24.53 
-------- -- ----------- - --
PLATING FLOW 
STACK RATE 
EMISSION EXITING 
(g/hr) (l/hr) 
8.15 19.7 
8.15 20.5 \ 
; 
8.15 21.3 I 
8.78 20.5 
8.78 18.9 
f-1 
U1 
U1 
PLANT 2 DAY 2 (AP) CONT. 
LEFT 
PLATING BATH 
TIME OF TIME INCREMENT HCHO HCHO RINSE WATER 
SAMPLE BETWEEN ACCUH. ADDS HCHO 
COLLECTION SAMPLES (hr) (mg) (mg) (mg) 
9.50 
10.50 1.00 70670 1155000 2427 
11.50 1.00 - 185600 1155000 2263 
12.50 1.00 41050 1520000 1942 
14.50 2.00 187900 2309000 3858 
15.50 1.00 -162100 1114000 2433 
TOTAL 6.00 -48070 7252000 12920 
FUGITIVE STACK 
HCHO HCHO 
(mg) (mg) 
24530 8150 
24530 8150 
24530 8150 
49060 17560 
24530 8780 
147200 50790 
EXITING 
HCHO 
(mg) 
96930 
99050 
100600 
200700 
92990 
590200 
HCHO 
CNSHD 
(mg) 
951800 
1206000'. 
13430001 
1850000 
1148000 
6499000 
1-' 
U1 
0'1 
TIME OF 
SAMPLE 
COLLECTION 
13.00 
14.50 
15.50 
RINSE BATH 
FORMALDEHYDE 
CONCENTRATION 
(mg/l) 
I 
I 
21.9 
2.53 
5.76 
PLANT 3: FORMALDEHYDE MASS BALANCE 
ACTIVE PRODUCTION (AP) 
DAY 1: JULY 28, 1992 
PLATING BATH 
PLATING BATH FORMALDEHYDE 
SAMPLE CONCENTRATION 
ID (mg/l) 
B607 6220 
B609 6170 
B611 6670 
RINSE BATH FUGITIVE 
FLQ\.1 RATE EMISSION 
(l/hr) (g/hr) 
681 . 2.27 
681 2.27 
681 2.27 
RINSE BATH 
SAMPLE 
ID 
R604 
R605 
R606 
STACK 
EMISSION 
(g/hr) 
1.24 
2.82 
2.82 
..... 
(Jl 
-...] 
PLANT 3 DAY 1 (AP) CONT. 
PLATING BATH 
TIME OF TIME FORMALDEHYDE FORMALDEHYDE RINSE WATER 
SAMPLE INCREMENT ACCUMULATION ADDITIONS FORMALDEHYDE 
COLLECTION (hr) (mg) (mg) (mg) 
13.00 
14.50 1.50 -6507 142800 1292 
15.50 1.00 75710 530400 2823 
TOTAL 2.50 69200 673200 4115 
RINSE WATER TOTAL 
FORMALDEHYDE RINSE WATER FUGITIVE STACK FORMALDEHYDE 
ACCUMULATION FORMALDEHYDE FORMALDEHYDE FORMALDEHYDE CONSUMED 
(mg) (mg) (mg) (mg) (mg) 
382.9 1675 3405 4230 140000 
488.9 3312 2270 2820 446300 
I 871.8 I 4987 I 5675 I 7050 I 586300 I 
PLANT 3 DAY 1 (AP) CONT. 
CHEMICAL NAME (X FORMALDEHYDE BY WIEGHT) 
TIME OF 
CHEMICAL 385A 3858 CUPOSIT Z CUPOSIT Y ADDITION (7%) (0%) (0%) (25X) 
COPPER COPPER CAUSITC FORMALDEHYDE 
( l) ( l) ( l) (l) 
6.75 1.9 1.3 0. 0 0.0 
8.83 1.2 0.8 0.5 1.9 
13 .33 1. 7 1.2 0. 0 0.0 
13.58 0.0 0.0 0.5 0.0 
14.50 1. 7 1.2 0.0 0.0 
14.92 1.4 1.0 0.5 1.0 
FORMALDEHYDE CONCENTRATION 
385A CUPOSIT Y 
(7%) (25X) 
COPPER FORMALDEHYDE 
(mg/l) (mg/l) 
84000 270000 
84000 270000 
84000 270000 
84000 270000 
84000 270000 
84000 270000 
I 
1-' 
U1 
\.0 
--- ---
385A (7X) 
COPPER 
(mg) 
159600 
100800 
142800 
0.000 
142800 
117600 
PLANT 3 DAY 1 (AP) CONT. 
FORMALDEHYDE MASS ADDITIONS 
CUPOSIT Y (25%) 
FORMALDEHYDE 
(mg) 
0.000 
513000 
0.000 
0.000 
0.000 
270000 
TOTAL 
(mg) 
159600 
613800 
142800 
0.000 
142800 
387600 
1-' 
0'1 
0 
PLATING PLATING BATH 
TIME OF BATH FORMALDEHYDE 
SAMPLE SAMPLE CONCENTRATION 
COLLECTION ID (mg/l) 
8.50 B701 6360 
9.50 B703 6750 
10.50 B705 7040 
11.50 B707 6840 
13.50 B709 7080 
PLANT 3: FORMALDEHYDE MASS BALANCE 
ACTIVE PLATING (AP) 
DAY 2: JULY 29, 1992 
-- ---- -- - -- -
RINSE RINSE BATH 
BATH FORMALDEHYDE 
SAMPLE CONCENTRATION 
ID (mg/l) 
R701 1.63 
R702 10.1 
R703 12.5 
R704 4.52 
R705-6 AVG 11.0 
RINSE BATH 
FLCN FUGITIVE 
RATE EMISSION 
(l/hr) (g/hr) 
681 2.48 
681 2.48 
681 2.48 
681 2.48 
681 2.48 
- --- ----- -- ---- ----------
STACK 
EMISSION 
(g/hr) 
3.13 
3.13 
3.13 
2.18 
2.18 
1-' 
0'1 
1-' 
PLANT 3 DAY 2 (AP) CONT. 
PLATING BATH 
TIME OF TIME FORMALDEHYDE 
SAMPLE INCREMENT ACCUMULATION 
COLLECTION (hr) (mg) 
8.50 
9.50 1.00 59110 
10.50 1.00 44020 
11.50 1.00 -31440 
13.50 2.00 3mo 
I TOTAL I 5.00 I 109400 I 
FORMALDEHYDE 
ADDITIONS 
(mg) 
457800 
518400 
142800 
289200 
1408000 I 
RINSE WATER 
FORMALDEHYDE 
(mg) 
3989 
7701 
5811 
10560 
28060 
I 
1-' 
0\ 
N 
~ 
RINSE ~ATER TOTAL 
FORMALDEHYDE RINSE ~ATER 
ACCUMULATION FORMALDEHYDE 
(mg) (mg) 
1278 5266 
372.3 8073 
-1212 4600 
975.9 11530 
I 1414 I 29470 
PLANT 3 DAY 2 (AP) CONT. 
FUGITIVE STACK 
FORMALDEHYDE FORMALDEHYDE 
(mg) (mg) 
2480 3130 
2480 3130 
2480 2180 
4960 4360 
I 12400 I 12800 
FORMALDEHYDE 
CONSUMED 
(mg) 
387800 
460700 
165000 
230600 
I 1244000 I 
1-' 
0'1 
w 
TIME OF 
CHEMICAL 385A (7X) ADDITION COPPER 
( l) 
8.25 3.2 
8.50 0.0 
9.25 1.7 
9.58 0.0 
9.92 1.9 
10.50 1. 7 
10.75 0.0 
11 . 50 1.1 
11.83 0.0 
12.58 1.7 
13.25 1.9 
13.83 0.8 
PLANT 3 DAY 2 (AP) CONT. 
CHEMICAL NAME (X FORMALDEHYDE BY WIEGHT) 
3858 (0%) CUPOS IT Z (OX) CUPOSIT Y (25X) 
COPPER CAUSITC FORMALDEHYDE 
( l) ( l) ( l) 
2.3 0.0 0.0 
0.0 0.3 0.7 
1.2 0.2 0.4 
·0.0 0.2 0.4 
1.3 0.0 0.0 
1.2 0.0 0.0 
0.0 0.2 0.0 
0.8 0.0 0.0 
0.0 0.0 0.2 
1.2 0.0 0.0 
1.3 0.0 0.0 
0.6 0.0 0.0 
FORMALDEHYDE CONCENTRATION 
385A (7X) CUPOSIT Y (25X) 
COPPER FORMALDEHYDE 
(mg/l) (mg/l) 
84000 270000 
84000 270000 
84000 270000 
84000 270000 
84000 270000 
84000 270000 
84000 270000 
84000 270000 
84000 270000 
84000 270000 
84000 270000 
84000 270000 
' 
t-' 
0'1 
.pa 
,_ 
385A (7%) 
COPPER 
(mg) 
268800 
0.000 
142800 
0.000 
159600 
142800 
0.000 
92400 
0.000 
142800 
159600 
67200 
PLANT 3 DAY 2 CAP) CONT. 
FORMALDEHYDE MASS ADDITIONS 
CUPOS IT Y ( 25X) 
FORMALDEHYDE 
(mg) 
0.000 
189000 
108000 
108000 
0.000 
0.000 
0.000 
0.000 
54000 
0.000 
0.000 
0.000 
TOTAL 
(mg) 
268800 
189000 
250800 
108000 
159600 
142800 
0.000 
92400 
54000 
142800 
159600 
67200 
1-' 
~ 
U'1 
TIME OF 
SAMPLE 
COLLECTION 
10.00 
10.50 
11.00 
11.50 
12.08 
12.50 
13.00 
13.42 
PLANT 3: FORMALDEHYDE MASS BALANCE (NO PLATING ACTIVITY) 
NO PLATING ACTIVITY (NP) 
DAY 1: JULY 28, 1992 
PLATING BATH 
PLATING BATH FORMALDEHYDE FUGITIVE 
SAMPLE CONCENTRATION EMISSION 
ID (mg/l) (g/hr) 
B601 7130 2.27 
B602 6580 2.27 
B603 6650 2.27 
B604 6530 2.27 
B605 6310 2.27 
B606 6460 2.27 
B607 6220 2.27 
B608 6090 2.27 
STACK 
EMISSION 
(g/hr) 
1.24 
1.24 
1.24 
1.24 
1.24 
1.24 
1.24 
2.82 
f-l 
0'\ 
0'\ 
PLATING BATH 
TIME OF TIME FORMALDEHYDE 
SAMPLE INCREMENT ACCUMULATION 
COLLECTION Chr) (mg) 
10.00 
10.50 0.50 -83620 
11.00 0.50 10650 
11.50 0.50 -17740 
12.08 0.58 -32950 
12.50 0.42 22380 
13.00 0.50 -37290 
13.42 0.42 -18650 
I TOTAL I 3.42 I -157200 
PLANT 3 DAY 1 (NP) CONT. 
FUGITIVE 
ADDITION FORMALDEHYDE 
(mg) (mg) 
0.000 1135 
0.000 1135 
0.000 1135 
0.000 1323 
0.000 946.6 
0.000 1135 
0.000 946.6 
I 0.000 I 7757 I 
STACK 
FORMALDEHYDE 
(mg) 
620.0 
620.0 
620.0 
722.9 
517.1 
620.0 
1176 
4896 I 
FORMALDEHYDE 
CONSUMED 
(mg) 
81860 
-12400 
15990 
30900 
-23840 
35540 
16520 
144600 
\ 
' 
I 
1-' 
"' -...] 
- ~ 
TIME OF 
CHEMICAL 
ADDITION 385A 
(?X) 
COPPER 
( l) 
6.75 1.9 
8.83 1.2 
13.33 1. 7 
I 
13.58 0.0 
14.50 1. 7 
14.92 1.4 
PLANT 3 DAY 1 (NP) CONT. 
- -- -- ·--
CHEMICAL NAME (X FORMALDEHYDE BY WIEGHT) 
3858 CUPOSIT Z CUPOSIT Y 
COX> (0%) (25%) 
COPPER CAUSITC FORMALDEHYDE 
( l) ( l) ( l) 
1.3 0.0 0.0 
0.8 0.5 1.9 
1.2 0.0 0.0 
0.0 0.5 0.0 
1.2 0.0 0.0 
1.0 0.5 1.0 
385A 
(?X) 
COPPER 
(mg/l) 
84000 
84000 
84000 
84000 
84000 
84000 
FORMALDEHYDE 
CONCENTRATION 
CUPOSIT Y 
(25%) 
FORMALDEHYDE 
(mg/l) 
270000 
270000 
270000 
270000 
270000 
270000 
f-' 
0'1 
00 
385A (7X) 
COPPER 
(mg) 
159600 
I 100800 
! 
142800 
0.000 
142800 
117600 
PLANT 3 DAY 1 (NP) CONT. 
FORMALDEHYDE MASS ADDITIONS 
CUPOSIT Y (25X) 
FORMALDEHYDE 
(mg) 
0.000 
513000 
0.000 
0.000 
0.000 
270000 
TOTAL 
(mg) 
159600 
613800 
142800 
0.000 
142800 
387600 
~ 
0\ 
1.0 
APPENDIX D 
COPPER MASS BALANCE ANALYSIS 
----
TIME OF PLATING BATH 
SAMPLE SAMPLE 
COLLECTION ID 
10.50 B205 
11.50 B206B 
12.67 B209 
13.50 B211 
14.50 B213 
15.50 B215 
16.50 B217 
PLANT 1: COPPER MASS BALANCE 
ACTIVE PRODUCTION (AP) 
DAY 1: JULY 15, 1992 
PLATING BATH 
COPPER *LIQUID LEVEL DEPTH FROM UNDER TOP LIP (inches) 
CONCENTRATION 
(mg/l) CUPOSIT(R) Y CUPOSIT Z CUPOS IT 251M 
FORMALDEHYDE CAUSTIC EDTA 
2330 24.75 26.00 10.50 
2190 25.38 27.50 10.62 
3330 27.00 29.50 10.75 
2920 27.00 29.50 10.75 
2320 27.00 29.50 10.75 
2150 28.00 30.75 10.75 
2200 28.00 31.00 10.75 
CUP OS IT 251 R 
COPPER 
4.75 
6.88 ' 
10.62 I 
10.62 
10.62 
11.12 
11.88 
f-> 
-....] 
f-> 
PLANT 1 DAY 1 (AP) CONT. 
TIME OF TIME INCREMENT FORMALDEHYDE CAUSTIC 
SAMPLE BETWEEN VOLUME VOLUME 
COLLECTION SAMPLES (hr) ADDED (l) ADDED (l) 
10.50 
11.50 1.00 4.546 10.91 
12.67 1.17 11.82 14.55 
13.50 0.83 0.000 0.000 
14.50 1.00 0. 000 0.000 
15.50 1.00 7.273 9.091 
16.50 1.00 0.000 1.818 
EDTA 
VOLUME 
ADDED (l) 
0.9091 
0.9091 
0.0000 
0.0000 
0.0000 
0.0000 
COPPER 
VOLUME 
ADDED (l) 
15.45 
27.27 
0.000 
0.000 
3.636 
5.454 
' 
\ 
.... 
-...J 
N 
r-- ------
TIME OF FORMALDEHYDE 
SAMPLE FLOW 
COLLECTION RATE (l/hr) 
10.50 
11.50 4.55 
12.67 10.1 
13.50 0.000 
14.50 0.000 
15.50 7.27 
16.50 0.000 
PLANT 1 DAY 1 (AP) CONT. 
CAUSTIC 
FLOW 
RATE (l/hr) 
10.9 
12.5 
0.000 
0.000 
9.09 
1.82 
EDTA 
FLOW 
RATE (l/hr) 
0.909 
0.779 
0.000 
0.000 
0.000 
0.000 
COPPER 
FLOW 
RATE (l/hr) 
15.5 
23.4 
0.000 
0.000 
3.64 
5.45 
...... 
-.....] 
w 
~ 
TIME OF RINSE BATH 
SAMPLE SAMPLE 
COLLECTION ID 
10.5000 R201 
11.5000 R202 
12.6670 R203 
I 13.5000 R204 I 
' 14.5000 R205 
15.5000 R206 
16.5000 R207 
PLANT 1 DAY 1 CAP) CONT. 
COPPER 
RINSE BATH 
CONCENTRATION 
(mg/l) 
0.264 
2.32 
4.32 
5.20 
11.0 
7.76 
4.64 
RINSE BATH 
FLOW RATE 
(l/hr) 
454 
454 
454 
454 
454 
454 
PLATING FLOW 
RATE EXITING 
(l/hr) 
31.8 
46.7 
0.000 
0.000 
20.0 
7.27 
t-' 
....:I 
~ 
PLANT 1 DAY 1 (AP) CONT. 
--------
PLATING BATH 
TIME OF TIME INCREMENT COPPER 
SAMPLE BETWEEN ACCUMULATION 
COLLECTION SAMPLES (hr) (mg) 
10.50 
11.50 1.00 -127200 
12.67 1.17 1036000 
13.50 0.83 -372400 
14.50 1.00 -545000 
15.50 1.00 -154400 
16.50 1.00 45420 
I TOTAL I 6.00 I -118100 
COPPER 
ADDITIONS 
(mg) 
896400 
1582000 
0.000 
0.000 
210900 
316400 
I 3005000 
RINSE BATH 
COPPER 
(mg) 
586.9 
1760 
1801 
3688 
4270 
2816 
I 14920 I 
1-' 
-...] 
l11 
-- · ------
TIME OF PLATING BATH 
SAMPLE SAMPLE 
COLLECTION ID 
8.50 B201 
9.00 B202 
9.50 B203 
10.00 B204 
PLANT 1: COPPER MASS BALANCE (NO PLATING ACTIVITY) 
NO PLATING ACTIVITY (NP) 
DAY 1: JULY 15, 1992 
PLATING BATH 
COPPER *LIQUID LEVEL DEPTH FROM UNDER TOP LIP (inches) 
CONCENTRATION 
(mg/ l) CUPOSIT 
CUPOSIT(R) Y CUPOSIT Z 251M 
FORMALDEHYDE CAUSTIC EDTA 
2320 24.75 25.25 10.50 
2300 24.75 25.25 10.50 
2310 24.75 25.25 10.50 
2310 24.75 25.25 10.50 
CUPOSIT 
251R 
COPPER 
4.750 
4.750 
4.750 
4.750 
I 
I-' 
.....:1 
0"1 
PLANT 1 DAY 1 (NP) CONT. 
TIME OF TIME INCREMENT FORMALDEHYDE CAUSTIC 
SAMPLE BETWEEN VOLUME VOLUME 
COLLECTION SAMPLES (hr) ADDED (l) ADDED (l) 
8.50 
9.00 0.50 0.000 0.000 
9.50 0. 50 0.000 0.000 
10.00 0.50 0.000 0.000 
TIME OF FORMALDEHYDE CAUSTIC EDTA 
SAMPLE FLOW FLOW FLOW 
COLLECTION RATE (l/hr) RATE (l/hr) RATE (l/hr) 
8.50 
9.00 0.000 0.000 0.000 
9.50 0.000 0.000 0.000 
10.00 0.000 0.000 0.000 
EDTA 
VOLUME 
ADDED (l) 
0.000 
0.000 
0.000 
COPPER 
FLOW 
RATE (l/hr) 
0.000 
0.000 
0.000 
COPPER 
VOLUME 
ADDED (l) 
0.000 
0.000 
0.000 
PLATING FLOW 
RATE EXITING 
(l/hr> 
0.000 
0.000 
0.000 
---
1-' 
.....,] 
.....,] 
PLANT 1 DAY 1 (NP) CONT. 
PLATING BATH 
TIME OF TIME INCREMENT COPPER COPPER 
SAMPLE BETWEEN ACCUMULATION ADDITIONS 
COLLECTION SAMPLES (hr) (mg) (mg) 
8.50 
9.00 0.50 -18170 0.0000 
9.50 0.50 9084 0.0000 
10.00 0.50 0.0000 0.0000 
I TOTAL I 1.50 I -9084 I 0.0000 
PLATING BATH 
EXITING 
COPPER 
(mg) 
0.0000 
0.0000 
0.0000 
I 0.0000 I 
COPPER 
CONSUMED 
(mg) 
18170 
-9084 
0.0000 
9084 
\ 
I 
I 
I-' 
.....:1 
00 
PLANT 1 DAY 1 (NP) CONT. 
RINSE BATH TOTAL 
TIME OF COPPER RINSE BATH 
SAMPLE ACCUMULATION COPPER 
COLLECTION (mg) (mg) 
10.50 
11.50 778.2 1365 
12.67 757.0 2517 
13.50 333.1 2134 
14.50 2210 5899 
15.50 -1241 3028 
16.50 -1181 1635 
I TOTAL I 1656 I 16580 I 
PLATING BATH 
EXITING 
COPPER 
(mg) 
71910 
150500 
0.0000 
0.0000 
44700 
15820 
283000 
COPPER 
CONSUMED 
(mg) 
950300 
393200 
370300 
539100 
317600 
253500 
I 2824000 
' 
1-' 
""-J 
~ 
- - --
TIME OF PLATING BATH 
SAMPLE SAMPLE 
COLLECTION ID 
9.42 B301 
10.50 B303 
11.50 B305 
13.50 B309 
14.50 B311 
PLANT 1: COPPER MASS BALANCE 
ACTIVE PRODUCTION (AP) 
DAY 2: JULY 16, 1992 
PLATING BATH 
COPPER *LIQUID LEVEL DEPTH FROM UNDER TOP LIP (inches) 
CONCENTRATION 
(mg/l) CUPOSIT 
CUPOSIT(R) Y CUPOSIT Z 251M 
FORMALDEHYDE CAUSTIC EDTA 
2030 30.00 33.25 10.75 
2200 31.00 34.75 11.75 
2180 31.75 35.75 12.25 
2180 33.00 37.38 13.62 
500.0 33.50 37.62 14.00 
CUPOSIT 
251R 
COPPER 
13.88 
17.25 
18.62 
21.25 
22.25 
I-' 
(X) 
0 
TIME OF TIME INCREMENT 
SAMPLE BETWEEN 
COLLECTION SAMPLES (hr) 
9.42 
10.50 1.08 
11.50 1.00 
13.50 2.00 
14.50 1.00 
TIME OF FORMALDEHYDE 
SAMPLE FLO\ol 
COLLECTION RATE (l/hr) 
9.42 
10.50 6.72 
11.50 5.45 
13.50 4.55 
14.50 3.64 
PLANT 1 DAY 2 (AP) CONT. 
FORMALDEHYDE CAUSTIC 
VOLUME VOLUME 
ADDED (l) ADDED (l) 
7.273 10.91 
5.454 7.273 
9.091 11.82 
3.636 1.818 
CAUSTIC EDTA 
FLO\ol FLO\ol 
RATE (l/hr) RATE (l/hr) 
10.1 6.72 
7.27 3.64 
5.91 5.00 
1.82 2.73 
EDTA 
VOLUME 
ADDED (l) 
7.273 
3.636 
10.00 
2.727 
COPPER 
VOLUME 
ADDED (l) 
24.55 
10.00 
19.09 
7.273 
COPPER 
FLO\ol 
RATE (l/hr) 
22.7 
10.0 
9.55 
7.27 
..... 
CXl 
..... 
PLANT 1 DAY 2 (AP) CONT. 
RINSE BATH 
TIME OF RINSE BATH COPPER 
SAMPLE SAMPLE CONCENTRATION 
COLLECTION ID (mg/ l) 
9.42 R301 0.434 
10.50 R302 3.37 
11.50 R303 3.82 
13.50 R304 2.92 
14.50 R305 5.06 
RINSE BATH 
FLOW RATE 
( l/hr) 
454 
454 
454 
454 
PLATING FLOW 
RATE EXITING 
( l/hr) 
46.2 
26.4 
25.0 
15.5 
I 
1-' 
00 
!\.) 
PLANT 1 DAY 2 (AP) CONT. 
PLATING BATH 
TIME OF TIME INCREMENT COPPER 
SAMPLE BETWEEN ACCUMULATION 
COLLECTION SAMPLES (hr) (mg) 
9.42 
10.50 1.08 154400 
11.50 1.00 -18170 
13.50 2.00 0.0000 
14.50 1.00 -1526000 
I TOTAL I 5.08 I -1390000 
COPPER 
ADDITIONS 
(mg) 
1424000 
580000 
1107000 
421800 
I 3533000 
RINSE BATH 
COPPER 
(mg) 
935 . 1 
1633 
3063 
1812 
I 7444 I 
...... 
co 
w 
------- ---
RINSE BATH 
TIME OF COPPER 
SAMPLE ACCUMULATION 
COLLECTION (mg) 
9.42 
10.50 1111 
11.50 172.6 
13.50 -342.2 
14.50 808.5 
I TOTAL I 1750 
PLANT 1 DAY 2 (AP) CONT. 
TOTAL 
RINSE BATH EXITING 
COPPER COPPER 
(mg) (mg) 
2046 105800 
1806 57740 
2721 109000 
2620 20710 
I 9193 I 293200 
COPPER 
CONSUMED 
(mg) 
1161000 
538600 
995600 
1925000 
I 4620000 I 
..... 
00 
~ 
LEFT 
PLATING 
TIME OF LEFT BATH 
SAMPLE SAMPLE 
COLLECTION 10 
11.50 B402 
12.42 B404 
14.08 B406 
15.00 B408 
16.00 B410 
17.00 B412 
LEFT 
PLATING BATH 
COPPER 
CONCENTRATION 
(mg/l) 
2040 
2010 
1880 
1850 
1860 
1920 
PLANT 2: COPPER MASS BALANCE 
ACTIVE PRODUCTION (AP) 
DAY 1: JULY 21, 1992 
Average Copper 
Concentration 
To 
Match The Time Interval 
Of The Right Side Tank 
(mg/l) 
2040 
2020 
1940 
1860 
1860 
1890 
RIGHT 
TIME OF PLATING 
RIGHT BATH 
SAMPLE SAMPLE 
COLLECTION 10 
11.00 B401 
12 . 00 B403 
13.50 B405 
14.50 B407 
15 . 58 B409 
16.50 B411 
RIGHT 
PLATING BATH 
COPPER 
CONCENTRATION 
(mg/l) 
1820 
1880 
1820 
1880 
1910 
1970 
' 
I 
I 
1-' 
(X) 
~ 
- ----- -·---
TIME OF 
SAMPLE 
COLLECTION CUPOSIT Y 
FORMALDEHYDE 
11.00 27.00 
12.00 26.75 
13.50 25.88 
14.50 25.00 
15.58 24.50 
16.50 23.75 
PLANT 2 DAY 1 (AP) CONT. 
*LIQUID LEVEL DEPTH FROM BOTTOM OF TANK (inches) 
3350A 3350C 
CuS04 NaCl 
18.62 32.75 
16.75 31.62 
32.55 28.75 
29.75 26.50 
27.25 25.00 
24.75 23.25 
3350R 
EDTA 
32.75 
32.44 
31.25 
30.12 
29.50 
28.25 
. 
1-' 
00 
0\ 
PLANT 2 DAY 1 (AP) CONT. 
CUPOSIT Y 3350A 
TIME OF TIME INCREMENT FORMALDEHYDE CuS04 
SAMPLE BETWEEN VOLUME VOLUME 
COLLECTION SAMPLES (hr) ADDED (l) ADDED (l) 
·11.00 
12.00 1.00 1.577 11.83 
13.50 1.50 5.520 15.48 
14.50 1.00 5.520 17.64 
15.58 1.08 3.154 15.77 
16.50 0.92 4.732 15.77 
3350C 
NaCl 
VOLUME 
ADDED (l) 
7.098 
18.14 
14.20 
9.464 
11.04 
3350R 
EDTA 
VOLUME 
ADDED ( l) 
1.972 
7.492 
7.098 
3.943 
7.886 
' 
\ 
.... 
00 
-.,J 
PLANT 2 DAY 1 (AP) CONT. 
--
CUPOSIT Y 3350A 
TIME OF FORMALDEHYDE CuS04 
SAMPLE FLOW FLOW 
COLLECTION RATE (l/hr) RATE (l/hr) 
11.00 
12.00 1.577 11.83 
13.50 3.680 10.32 
14.50 5.520 17.64 
15.58 2.913 14.56 
16.50 5.160 17.20 
3350C 
NaCl 
FLOW 
RATE (l/hr) 
7.098 
12.09 
14.20 
8.7382 
12.04 
3350R 
EDTA 
FLOW 
RATE (l/hr) 
1.972 
4.995 
7.098 
3.641 
8.600 
' 
' 
I 
I 
1-' 
00 
00 
RINSE BATH 
TIME OF RINSE BATH COPPER 
SAMPLE SAMPLE CONCENTRATION 
COLLECTION 10 (mg/l) 
11.00 R401 20.6 
12.00 R402 17.7 
13.50 R403 44.1 
14.50 R404 43.5 
15.58 R405 47.3 
16.50 R406 45.0 
PLANT 2 DAY 1 (AP) CONT. 
NUMBER OF RINSE VOLUME 
RINSE CYCLES PER INTERVAL 
( l) 
3 61.68 
5 102.8 
2 41.12 
4 82.24 
2 41.12 
PLATING FLOW 
RATE EXITING 
(l/hr) 
22.5 
31.1 
44.5 
29.9 
43.0 
' 
I 
1-> 
CXl 
\D 
PLANT 2 DAY 1 (AP) CONT. 
LEFT RIGHT 
PLATING BATH PLATING BATH 
TIME OF TIME INCREMENT COPPER COPPER COPPER 
SAMPLE BETWEEN ACCUMULATION ACCUMULATION ADDS 
COLLECTION SAMPLES (hr) (mg) (mg) (mg) 
11.00 
12.00 1.00 -10080 40320 1301000 
13.50 1.50 -53760 -40320 1703000 
14.50 1.00 -53760 40320 1940000 
15.58 1.08 -6720 20160 1735000 
16.50 0.92 23520 40320 1735000 
TOTAL 5.50 -100800 100800 8415000 
RINSE 
WATER EXITING 
COPPER COPPER 
(mg) (mg) 
1181 43630 
3176 89420 
1801 83460 
3734 60700 
1898 75170 
11790 352400 
COPPER 
CONSUMED 
(mg) 
1226000 
1705000 
1869000 
1657000 
1594000 
8050000 
' 
\ 
1-' 
\0 
0 
- -
LEFT 
TIME OF LEFT PLATING BATH 
LEFT PLATING BATH COPPER 
SAMPLE SAMPLE CONCENTRATION 
COLLECTION ID (mg/l) 
9.50 B501 1960 
10.50 B503 2010 
11.50 B505 1920 
12.50 B507 1980 
14.50 B509 2030 
15.50 B511 1950 
PLANT 2: COPPER MASS BALANCE 
ACTIVE PRODUCTION CAP) 
DAY 2: JULY 22, 1992 
*LIQUID LEVEL DEPTH FROM BOTTOM OF TANK (inches) 
CUPOSIT Y 3350A 3350C 
FORMALDEHYDE CuS04 NaCl 
27.00 18.50 22.50 
26.75 17.00 21.62 
26.50 15.50 20.50 
26.00 14.12 19.50 
25.50 11.12 17.50 
25.12 32.00 32.25 
3350R 
EDTA 
17.62 
17.12 
16.75 
16.25 
15.25 
33 .79 
' 
...... 
\0 
...... 
PLANT 2 DAY 2 (AP) CONT. 
CUPOSIT Y 3350A 
TIME OF TIME INCREMENT FORMALDEHYDE CuS04 
SAMPLE BETWEEN VOLUME VOLUME 
COLLECTION SAMPLES (hr) ADDED (l) ADDED (l) 
9.50 
10.50 1.00 1.5n 9.464 
11.50 1.00 1.5n 9.464 
12.50 1.00 3.154 8.675 
14.50 2.00 3.154 18 .93 
15.50 1.00 2.366 6.178 
3350C 
NaCl 
VOLUME 
ADDED (l) 
5.520 
7.098 
6.309 
12.62 
5.389 
3350R 
EDTA 
VOLUME 
ADDED (l) 
3.154 
2.366 
3.154 
6.309 
4.994 
\ 
f-1 
\D 
(\) 
- ---- --
CUPOSIT Y 
TIME OF FORMALDEHYDE 
SAMPLE FLOW 
COLLECTION RATE (l/hr) 
9.50 
10.50 1.58 
11.50 1.58 
12.50 3.15 
14.50 1.58 
15.50 2.37 
PLANT 2 DAY 2 (AP) CONT. 
3350A 3350C 
CuS04 NaCl 
FLOW FLOW 
RATE (l/hr) RATE (l/hr) 
9.46 5.52 
9.46 7.10 
8.67 6.31 
9.46 6.31 
6.18 5.39 
3350R 
EDTA 
FLOW 
RATE (l/hr) 
3.15 
2.37 
3.15 
3.15 
4.99 
I 
l. 
f-' 
\0 
w 
PLANT 2 DAY 2 CAP) CONT. 
RINSE BATH 
TIME OF RINSE BATH COPPER NUMBER OF 
SAMPLE SAMPLE CONCENTRATION RINSE CYCLES 
COLLECTION ID (mg/l) 
. 9.50 R501 35.4 
10.50 R502 34.8 3 
11.50 R503 40.0 3 
12.50 R504 78.6 3 
14.50 R505 3.84 6 
15.50 R506 3.86 3 
RINSE VOLUME 
PER INTERVAL 
( l) 
61.68 
61.68 
61.68 
123.4 
61.68 
PLATING FLOW 
RATE EXITING 
( l/hr) 
19.7 
20.5 
21.3 
20.5 
18.9 
' 
I 
j--1 
I.D 
~ 
- -----
TIME LEFT 
INCREMENT PLATING BATH 
TIME OF BETWEEN COPPER 
SAMPLE SAMPLES ACCUMULATION 
COLLECTION (hr) (mg) 
I 9.50 
10.50 1.00 33600 
11.50 1.00 -60480 
12.50 1.00 40320 
14.50 2.00 33600 
15.50 1.00 -53760 
TOTAL 6.00 -6720 
PLANT 2 DAY 2 (AP) CONT. 
COPPER RINSE WATER 
ADDITIONS COPPER 
(mg) (mg) 
1041000 2165 
1041000 2307 
954200 3657 
2082000 5085 
679600 237.5 
5798000 13450 
EXITING 
COPPER 
(mg) 
39140 
40290 
41520 
82220 
37660 
240800 
COPPER 
CONSUMED 
(mg) 
966100 
1059000 
868700 
1961100 
695400 
5550000 
I 
\ 
I 
1-' 
\0 
lJ1 
- - ----------
TIME OF PLATING BATH 
SAMPLE SAMPLE 
COLLECTION ID 
13.00 B607 
14.50 B609 
15.50 B611 
PLATING 
BATH 
TIME OF TIME COPPER 
SAMPLE INCREMENT ACCUM. 
COLLECTION (hr) (mg) 
13.00 
14.50 1.50 -9085 
15 . 50 1.00 12110 
TOTAL 2.50 3028 
PLANT 3: COPPER MASS BALANCE 
ACTIVE PRODUCTION (AP) 
DAY 1: JULY 28, 1992 
PLATING BATH 
COPPER RINSE BATH 
CONCENTRATION SAMPLE 
(mg/l) ID 
2400 R604 
2340 R605 
2420 R606 
COPPER RINSE BATH 
ADDITIONS COPPER 
(mg) (mg) 
81600 490.6 
148800 1008 
230400 1499 
RINSE BATH 
COPPER 
CONCENTRATION 
(mg/l) 
6.56 
0.960 
2.00 
RINSE TOTAL 
BATH RINSE 
COPPER BATH 
ACCUM. COPPER 
(mg) (mg) 
145.4 636 
157.5 1166 
302.8 1802 
RINSE BATH 
FLQ\.1 RATE 
(l/hr) 
681 
681 
681 
COPPER 
CONSUMED 
(mg) 
90050 
135500 
225600 
' 
' 
~ 
1.0 
0'1 
TIME OF 385A (4%) 
CHEMICAL COPPER 
ADDITION (l) 
6.75 1.9 
8.83 1;2 
13.33 1. 7 
13.58 0.0 
14.50 1. 7 
14.92 1.4 
PLANT 3 DAY 1 (AP) CONT. 
385A (4%) 385A (4%) 
COPPER COPPER 
(mg/l) (mg) 
48000 91200 
48000 57600 
48000 81600 
48000 0.000 
48000 81600 
48000 67200 
TOTAL 
(mg) 
91200 
57600 
81600 
0.000 
81600 
67200 
f-' 
1.0 
-._J 
TIME OF 
SAMPLE 
COLLECTION 
10.00 
10.50 
11.00 
11.50 
12.08 
12.50 
13.00 
13.42 
PLANT 3: COPPER MASS BALANCE 
NO PLATING ACTIVITY (NP) 
DAY 1: JULY 28, 1992 
PLATING BATH 
SAMPLE 
ID 
B601 
B602 
B603 
B604 
B605 
B606 
B607 
B608 
PLATING BATH 
COPPER 
CONCENTRATION 
(mg/l) 
2540 
2500 
2480 
2440 
2430 
2410 
2400 
2420 
~ 
\0 
00 
PLANT 3 DAY 1 (NP) CONT. 
II PLATING BATH 
TIME OF TIME COPPER 
SAMPLE INCREMENT ACCUMULATION 
COLLECTION (hr) (mg) 
10.00 
10.50 0.50 -6057 
11.00 0.50 -3028 
11.50 0.50 -6057 
12.08 0.58 -1514 
12.50 0.42 -3028 
13.00 0.50 -1514 
13.42 0.42 3028 
I TOTAL I 3.42 I -18170 I 
COPPER 
ADDITIONS 
(mg) 
0 
0 
0 
0 
0 
0 
0 
0 I 
COPPER 
CONSUMED 
(mg) 
6057 
3028 
6057 
1514 
3028 
1514 
-3028 
18170 I 
I-> 
1.0 
1.0 
TIME OF 385A (4%) 
CHEMICAL COPPER 
ADDITION ( l) 
6.75 1.9 
8.83 1.2 
13.33 1. 7 
13.58 0.0 
14.50 1. 7 
14.92 1.4 
PLANT 3 DAY 1 (NP) CONT. 
385A (4%) 385A (4%) 
COPPER COPPER 
(mg/l) (mg) 
48000 91200 
48000 57600 
48000 81600 
48000 0.000 
48000 81600 
48000 67200 
TOTAL 
(mg) 
91200 
57600 
81600 
0.000 
81600 
67200 
I 
rv 
0 
0 
TIME OF PLATING BATH 
SAMPLE SAMPLE 
COLLECTION 10 
8.50 B701 
9.50 B703 
10.50 B705 
11.50 B707 
13.50 B709 
PLANT 3: COPPER MASS BALANCE 
ACTIVE PRODUCTION (AP) 
DAY 2: JULY 29, 1992 
--------
PLATING BATH 
COPPER RINSE BATH 
CONCENTRATION SAMPLE 
(mg/l) 10 
2840 R701 
2360 R702 
2270 R703 
2420 R704 
2090 R705-6 AVG 
RINSE BATH 
COPPER 
CONCENTRA Tl ON 
(mg/l) 
0. 584 
3.10 
3.49 
1.44 
3.78 
RINSE BATH 
FLOW RATE 
(l/hr) 
681 
681 
681 
681 
681 
' 
I 
N 
0 
...... 
PLANT 3 DAY 2 (AP) CONT. 
- -- -- -
PLATING 
BATH RINSE 
TIME OF TIME COPPER COPPER BATH 
SAMPLE INCREMENT ACCUM. ADDITIONS COPPER 
COLLECTION (hr) (mg) (mg) (mg) 
8.50 
9.50 1.00 -72680 153600 1256 
10.50 1.00 -13630 172800 2246 
11.50 1.00 22710 81600 1679 
13.50 2.00 -49970 134400 3554 
TOTAL 5.00 -113600 542400 8735 
RINSE 
BATH 
COPPER 
ACCUM. 
(mg) 
381.6 
58.14 
-310.1 
353.7 
483.3 
TOTAL 
RINSE 
BATH 
COPPER 
(mg) 
1638 
2304 
1369 
3908 
9219 
COPPER 
CONSUMED 
(mg) 
224600 
184100 • 
57520 ; 
180500 
646700 
~ 
0 
[\.) 
-TIME OF 385A (4%) 
CHEMICAL COPPER 
ADDITION (l) 
8.25 3.2 
8.50 0.0 
9.25 1. 7 
9.58 0.0 
9.92 1.9 
10.50 1.7 
10.75 0.0 
11.50 1.1 
11.83 0.0 
12.58 1. 7 
13.25 1.9 
13.83 0.8 
PLANT 3 DAY 2 (AP) CONT. 
385A (4%) 385A (4%) 
COPPER COPPER 
(mg/l) (mg) 
48000 153600 
48000 0.000 
48000 81600 
48000 0.000 
48000 91200 
48000 81600 
48000 0.000 
48000 52800 
48000 0.000 
48000 81600 
48000 91200 
48000 38400 
TOTAL 
(mg) 
153600 
0.000 
81600 
0.000 
91200 
81600 
0.000 
52800 
0.000 
81600 
91200 
38400 
~ 
0 
w 
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